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1 East Bridge of the MacArthur Causeway which joins Miami Beach and Miami, Fla. 
(Miami Beach in the foreground) 
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/Properties of Highway Asphalts—Part I, 








w| in highway construction. 


BUREAU OF PUBLIC ROADS 


highway purposes. 
penetration grade. 


of the better known special tests. 


of “‘quality”’ tests for asphalis. 


HIS REPORT catalogs the properties of 

asphalt cements of the 85-100 penetration 
grade produced in the United States for use 
The information 
presented here is the first report of a compre- 
hensive study of asphalt undertaken by the 
Division of Physical Research in 1954. Re- 
ports on other phases of this study will be pub- 
lished at a later date. 

The results of a similar study conducted 
by the Division of Physical Research in the 
late thirties were published in 1940 and 1941, 
and followed by another report published in 
1946 (1-3).2 These studies proved useful in 


“| that they showed the conformity of the 


-asphalts to specification requirements and 
presented the general range in test character- 
istics. Values for the standard tests and also 
for a large number of special tests either in 
use or proposed at that time were included. 

The present survey provides similar up-to- 
date information on a national scope, includ- 
ing the properties of asphalts produced from 
various crude sources and methods of refining 
in current use in the United States. 


Sources of Samples 


The samples of asphalt cement for the cur- 
rent study were obtained for the Division of 
Physical Research by the regional offices of 
the Bureau of Public Roads. The States 
within each region cooperated to the fullest 
extent by collecting representative samples 
from the producers supplying their material. 
Although it is likely that some producers are 





1This article was presented before the Associa- 
tion of Asphalt Paving Technologists, Denver, 
Colo., January 1959. 

2TItalic numbers in parentheses refer to the list 
of references on p. 207. 
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85-100 Penetration Grade 


BY THE DIVISION OF PHYSICAL RESEARCH 


Reported! by J. YORK WELBORN, Chief, 


Bituminous and Chemical! Branch, and 
WOODROW J. HALSTEAD, Head, 


Bituminous Materials and Chemical Section 


This article is the first of a series of a general study of asphalis produced for 
A total of 323 samples from 105 refineries were collected 
by the States for test purposes. Of this number, 146 samples were of the 85-100 
This article includes the commonly determined test char- 
acteristics of the materials of this penetration grade as well as the results of some 


The data presented are believed to be valuable as an indication of the range 
of test characteristics of asphalts that might normally be expected in all regions 
of the country, as an indication of the usefulness of various specification require- 
ments, and also as a guide for further research directed toward the establishment 


A discussion of the suitability of some of the special quality requirements that 
have been suggested and used in some specifications is included. 
clusions have been drawn since the need for more complete data is apparent. 


No overall con- 


not represented, the materials received are a 
relatively complete sample of asphalt cements 
produced and used during 1954 and 1955. New 
producers, crude sources, and changes in re- 
finery techniques instituted since that time 
naturally are not reflected in the properties of 
these materials. However, it is believed that 
the materials received are essentially the 
same as those in use today. 

Some of the samples of asphalt were ob- 
tained by State highway departments from 
actual construction projects, and others were 
obtained at the refineries. At the time of 
sampling, information concerning the source 
of the crude petroleum and the general re- 
finery method used to manufacture the asphalt 
was requested from the producers and re- 
ceived from most of them. 

Initially the Bureau’s regional offices were 
requested to collect samples of only the 60-70, 
85-100, and 120-150 penetration grades. When 
it was found that other penetration grades 
were used extensively by some States, the 
selection of grades was left to the discretion 
of each Regional Hngineer. 

A total of 323 samples from 105 refineries 
were received. The penetration grades and 
the number of samples of each grade were as 
follows : 60-70 grade, 59 samples ; 70—85 grade, 
33; 85-100 grade, 146; 100-120 grade,7; 120- 
150 grade, 62; and 150-200 grade, 16. 

Nearly all producers supplying asphalt for 
this study included one or more samples in 
the 85-100 penetration range. Since this 
group of samples is considered the most rep- 
resentative of all asphalt cements now pro- 
duced and used in the United States, it was 
selected for the initial study. It is planned 
that subsequent reports will include the prop- 


erties of the other grades as well as more 
intensive study of selected types or particular 
characteristics of asphalts. 

The data in this report include only those 
test characteristics in general use as specifi- 
cation requirements or those that are being 
used by some agencies in an effort to obtain 
better materials. All testing was performed 
according to ASTM or AASHO standard 
methods of test. 

The results of the tests on the 146 samples 
of 85-100 penetration asphalt are tabulated in 
tables 1 and 2. The data in the tables are 
grouped according to regions. 

There was some duplication of samples 
within a region because some of the States 
collected material from a particular refinery 
using the same crude source and refining 
method. When this occurred only one sample 
is included in table 1 and the others are 
included in table 2. However, in some cases 
where a particular refinery supplied an as- 
phalt to more than one region, as represented 
by different samples, data for that asphalt 
are included in each region. In most cases 
the test results indicated that the materials 
were essentially the same, but in a few cases 
there were significant differences. The varia- 
tions in test characteristics generally occurred 
in samples from those refineries which re- 
ported the use of more than one type of crude 
or blends of crudes. Since samples from dif- 
ferent regions were taken at different times, 
it is likely that there were actual differences 
in the crudes. This would account for as- 
phalts having different characteristics. 

Tables 1 and 2 show the refinery by a code 
number, the source of the crude or crudes 
used, and the general method of producing 
the asphalt. Although in many Cases more 
specific information was given as to the crude 
source and refinery processes, only the basic 
information that generally characterizes the 
material is included. It is recognized that 
differences can and do exist within the range 
of the geographical location of the crude 
sources indicated, and also within the mean- 
ing of the general terms used to describe the 
method of refining. 

Of the 119 samples included in table 1, 
73 were reported to be refined by vacuum 
and/or steam distillation, 15 by vacuum 
and/or steam distillation with some blowing, 
3 by vacuum and/or steam with fluxing, and 
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Figure 1. 
















by propane solvent extraction together with 
arious combinations of distillation, blowing, 
lending and/or fluxing. Information per- 
lining to the source of crude used was not 
iven for 14 asphalts, and information on 
le refining method was not furnished for 20 
sphalts. 

Since the primary purpose of this report 
sto present the survey results of the charac- 
aristics of asphalt cements produced in the 
nited States, it was believed that the large 
1ass of data could best be shown by graphs. 
'requency distribution graphs in the form of 
requency polygons were selected for this 
urpose. The results of each test made on 
oe 119 samples given in table 1 were grouped 
ito class intervals. The number of test 
alues in each class interval were then plotted 
t the midpoint of the respective class inter- 
al and connected to form the polygon. 

The results shown in table 2 are not in- 
luded in this analysis since they are es- 
entially a duplication of values given in table 
. Their inclusion therefore would have 
iven an improper representation on the basis 
f the general production of refineries. The 
esults in table 2 are given principally to 
lake the report complete with respect to 
amples submitted. ‘The numerical identifi- 
ation number for samples corresponds to the 
umber of the replicate sample included in 
able 1. 

Figures 1-15 show the frequency polygons 
or both the standard specification tests and 
pecial tests such as the thin-film oven test, 
igh temperature viscosity, and others that 
re now being used in specifications by some 
f the States or other agencies. The 
requency polygons for the various tests show 
onsiderable variation. Some have a fair 
mount of symmetry but others show a con- 
iderable amount of skewness. The disper- 
ion of results also varies considerably for 
he different tests. 


Results of Tests 


The following brief discussion of each 
requency distribution polygon points out cer- 
ain variations in test characteristics and 
eviations from specification requirements 
vhere applicable. 


*enetration at 77° F. 


The values for the penetration test at 77° 
®. ranged from 80 to 99 (fig. 1). Although 
JL 119 samples were supposed to conform to 
he 85-100 penetration grade, 12 asphalts had 
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Distribution of penetration results. 
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values below the minimum requirement of 
85; none exceeded the upper limit of 100. 


Flash point 


Figure 2 shows the distribution of flash 
points determined by both the Cleveland open 
cup and Pensky-Martens closed cup. As 
shown in table 1, the flash point determined 
by the Cleveland open cup ranged from 440° 
to 680° EF. with one sample flashing below 
450° IF. State specifications have minimum 
requirements ranging from 347° to 450° F. 
Thus, only one asphalt which flashed at 440° 
F. would fail the most restrictive specifica- 
tion. 

Some States have replaced the Cleveland 
open cup method for determining flash point 
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Figure 2.—Distribution of flash point results. 


with the Pensky-Martens closed cup method. 
Specifications now in force require minimum 
flash points of either 440° or 450° F. Twenty- 
six of the 119 asphalts flashed at tempera- 
tures less than 440° F., and 33 were less than 
450° F. As is normally expected, the Pensky- 
Martens flash point is lower than that ob- 
tained in the Cleveland open cup method. 
However, there is no definite correlation be- 
tween Pensky-Martens and Cleveland open 
cup test values. This is illustrated by the 
shapes of the polygons in figure 2. 


Specific gravity at 77/77° F. 


The specific gravity of all asphalts ranged 
from 0.984 to 1.037 (fig. 3). Hleven samples 
had values less than 1.00. The two lowest 
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Figure 3.—Distribution of specific gravity results. 
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Figure 4.—Distribution of softening point results. 
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Figure 5.—Distribution of ductility results at 77° F. 


values 0.984 and 0.988 were asphalts shipped 
to different regions from one refinery and 
were manufactured by a propane method us- 
ing midcontinent crudes. The peak of the 
distribution curve is between 1.02 and 1.03. 


Softening point 


The softening point values for the asphalts 
ranged from 111° to 125° F., with 66 samples 
falling in the range of 116° to 119° F. (fig. 4). 
Only a few States include softening point 
requirements in their specifications. The 
most restrictive limits are 100° to 125° F. 
and 118° to 140° F. Only four asphalts had 
softening points less than 113° F., and none 
had values above 125° F. 


Ductility at 77° F. 


All of the asphalts had ductility values 
greater than 100 cm., the minimum require- 
ment found in most specifications (fig. 5). 
Six asphalts had ductilities between 100 and 
124 cm., and 14 had ductilities between 125 
and 149 cm. Thus, 99 samples had ductilities 
of 150 cm. or greater, which is the capacity of 
most machines now in use. Seven samples 
had ductilities greater than the limit of the 
Bureau of Public Roads machine which is 
250 cm. 


Ductility at 39.2° F. 


The ductility at 39.2° F., 1 cm. per minute, 
for the 119 samples reported in table 1 ranged 
from 38.5 to 250+ cm. (fig. 6). Although low 


60 





temperature ductility is not widely used, there 
are specifications which require a ductility of 
not less than a numerical value of 10 percent 
of the penetration at 77° F. Forty-three as- 
phalts would fail this requirement. Wifty-five 
asphalts had values less than 10 cm. 


Loss on heating at 325° F., standard test 


The change in weight during heating at 
325° F.. for 5 hours using the standard test 
ranged from a gain of 0.01 percent to a loss 
of 0.58 percent (fig. 7). The loss in weight of 
115 of the 119 samples was less than 0.20 per- 
cent. Most State specifications allow up to 
1.0 percent loss. Thus none of the asphalts 
had loss values even approaching this limit. 
One State uses a limit of 0.5 percent. Only 
one asphalt would fail this requirement. 

It should be noted that a reduced vertical 
scale is used in figure 7. Thus, the peak value 
for this test greatly exceeds that found in the 
other tests. 


Retained penetration of standard oven test 
residue 


The penetration of the residues from the 
standard loss on heating test ranged from 75 
to 94 percent of the original penetration (fig. 
8). There were 25 asphalts that retained less 
than 85 percent, and only 2 of these retained 
less than 80 percent. Various State specifi- 
cations include minimum requirements for re- 
tained penetration ranging from 50 to 80 per- 
cent. Only two materials would fail the most 
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Figure 6.—Distribution of ductility results at 39.2° F. 
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Figure 7.—Distribution of loss during 
standard oven test. 


restrictive specification (in effect in tw 
States). 
reduced in this polygon. 


Penetration ratio 


The ratio of the penetration at 39.2° } 


200 g., 60 sec., to the penetration at 77° Fj 
100 g., 5 sec., ranged from 22 to 52 (fig. 9} 
A number of agencies now use this ratio 3” 
The minimum requir|/*” 
Hight of the 12) 


their specifications. 
ments range from 25 to 385. 
asphalts had penetration-ratio values le 
than 25, 19 had values less than 30, and ¢ 


had values less than 35. A minimum requir!’ 
ment of 33 used in one State specificatic 


could not be met by 39 asphalts. 
As measured by the penetration ratio, the 


is a general trend for asphalts from the wes} 
ern regions to have greater temperatur): 
viscosity susceptibility than those from tl 
The central areas general) 
fall in the intermediate range. For examp])} 
in Regions 1-3, principally the Eastern State) 
only 6 percent (2 out of 35) of the asphal| 
had penetration ratios less than 35 and the) 
had values of 34. For Regions 46, princ 
pally the Central States, 43 percent (23 out 
54) of the asphalts had penetration ratios le; iil 


eastern regions. 


than 35; and in Regions 7-9, the Weste1 


States, 87 percent (26 out of 30) had rati< 
less than 35, For Regions 4-6, 9 values wel| 
less than 380, and 4 were less than 25. F\ 
Regions 7-9, 10 values were less than 30, ar | 


3 were less than 25. 


Furol viscosity at 275° F. 


The Furol viscosity at 275° F. ranged froi| 
85 to 818 seconds for the 119 asphalts (fig. 10) 
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RETAINED PENETRATION, STANDARD OVEN TEST- PERCEM 
Figure 8.—Distribution of retained penetri 


tion of standard oven test residues. 


August 1959 e PUBLIC ROAL 


As in figure 7, the vertical scale |! 
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Four asphalts had viscosity values less than 
100 seconds, and two asphalts had values ex- 
it peeeding 300 seconds. ‘The viscosity of 81 as- 
salejphalts was within the range of 150 to 250 
seconds, inclusive. Agencies using Furol 
viscosity as a specification test have specified 
minimum requirements of 85 seconds. None 
2 pot the 119 asphalts failed this requirement. 
i? pyLhe maximum limit of these specifications is 
ig. 9}260 seconds. Six asphalts were over this 
mtio requirement. The general trend for greater 
eu Viscosity-temperature susceptibility for as- 


Thin-film oven test, loss in weight 


The change in weight during the heating of 


at 325° I’. ranged from a gain of 0.12 percent 
om thto a loss of 2.18 percent (fig. 11). Twenty- 
seven asphalts gained in weight during 
vamp} heating, 10 asphalts showed no change, and 
State 16 asphalts lost more than 0.50 percent. 
a Specifications now in effect require loss in 
thy Weight of either not more than 0.75 or not 
+ more than 0.85 percent. Only 7 of the 119 
3d asphalts failed the 0.75 percent requirement 
‘og and 6 of these indicated losses of more than 
jester 0.85 percent. 

iratij ‘The greater spread of values for the thin- 
»s yey film losses is illustrated in figure 11, the range 
; hij being approximately four times that for the 
4) aj Standard oven losses. This difference also 
indicates the lack of a definite relation be- 
tween the loss results for the two tests. 





fl tipeetained penetration, thin-film residues 


i.) The percentage of the original penetration 
retained by the residues from the thin-film 
oven test ranged from 388 to 72 (ig?) rar Ot 
_the 119 samples, 18 were less than 55 percent 
7 and of these 6 were less than 50 percent. 
4 


—a 


| Specifications now in effect in several States 
specify 47 or 50 percent retained penetration. 
Only 4 asphalts were less than 47 percent. 





Comparison of oven tests 


A comparison of the distribution of results 
\ of retained penetration after the standard and 
Z at thin-film oven tests is shown in figure 13. This 
ERC graph has a different grouping from that used 
in figure 12, in order to show both groups 
of data on the same basis. The appreciably 
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Figure 9.—Distribution of the penetration ratio results. 


greater amount of hardening that occurred in 
the thin-film oven test is indicated. The range 
in values for the thin-film residues was ap- 
proximately twice that for the standard test. 


Softening point of thin-film residues 


The softening point of the residues from the 
thin-film oven test ranged from 118° to 140° F. 
(fig. 14). A comparison with the results for 
the original softening points, which are also 
shown, indicates the generally higher values 


and wider spread for the softening point of the 
thin-film residues. The range in the values of 
the residues is approximately 1.7 times that 
of the original materials. 


Ductility of thin-film residues 


The ductility of the residues from the thin- 
film test ranged from 13 to 250-++ em. (fig. 15). 
Initially none of the asphalts had ductility 
values less than 100 em. After heating, 22 as- 
phalts were less than 100 cm. and 9 of these 
were less than 50 cm. There was also a trend 
for some asphalts to show higher values after 
the oven test. This was accounted for by the 
fact that the reduction in penetration or the 
hardening during heating for these asphalts 
put them in the range of consistency for opti- 
mum ductility. There was much greater dis- 
persion of ductility values for the thin-film 
residues than for the original asphalts. 


Comparison of properties of asphalts 


The 85-100 penetration asphalts included 
in the 1940 and 1941 reports are believed to 
be generally representative of the asphalt 
production during the midthirties (1-2). A 
comparison of test properties of those as- 
phalts with the asphalts produced in the mid- 





50 





40 t 


30) + 





20 








NUMBER OF SAMPLES 



































pees 
SO 100 150 


- 
200 250 300 350 400 


PURO le ViIS GOS Il Ye Alme cone aoe © 
Figure 10.—Distribution of Furol viscosity results. 
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Figure 11.—Distribution of loss in weight for thin-film oven test and comparison with 
loss in standard test. 
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crude sources. Only one asphalt known t 
be from this source was included in the 1955 
survey and it had a loss in the same range. 
The percentage of penetration retained by 
the residues from the thin-film oven test on 
the 1935 and 1955 asphalts is compared in 
figure 19. In general, the 1955 asphalts were 
more resistant to hardening in the thin-film 
test than were those produced in 1935. How: 
ever, only a few asphalts showed excessive 
loss in penetration during this heat test. 
Comparisons of the distribution of the 
ductility of the 19385 and 1955 asphalts before 
and after heating in the thin-film test are 
shown in figures 20 and 21. The frequency 
distribution polygons of the asphalts pro. 
duced for the two periods as shown in figure 
20 are essentially the same with a slighi 
trend for the more recent asphalts to have 
higher ductility. Figure 21 shows a definite 
trend toward higher ductility for the resi 
dues from the 1955 asphalts. Of the 1988 
asphalts, 37.5 percent had ductility value; 
less than 100 cm. as compared with approxi 
mately 18.5 percent of the 1955 asphalts. 
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Figure 12.—Distribution of retained penetration of thin-film residues. 
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| fifties should be of interest. Therefore, the the asphalts were the greater percentage of 
| results of several tests from the two surveys the 1935 materials having loss values between 
| are presented here in frequency distribution 0.40 and 0.60 percent and the larger per- 
| polygons. For discussion purposes the two centage of 1955 asphalts having losses greater 

Hi, groups of asphalts are designated as 1935 and than 0.80 percent. The secondary peak is , 

| ) 1955 asphalts. caused by five samples, or 12.5 percent of the Penetration ratio 


















































Since there were 40 samples of 1935 as- 1935 asphalts with loss values between 0.40 The ratio of the penetration at 39.2° F 
i | phalts and 119 samples of 1955 asphalts, the and 0.60 percent, that were from Mexican to the penetration at 77° F. is coming to be 
| results falling in each class interval are 100 
shown as a percentage of the total number 
of samples. Only comparisons are shown for 
those tests that are being used or considered 80 ; 
as measures of quality. wl THIN -FILM , TANDARD OVEN 
Loss on heating at 325° F., standard test = crclara ae a 
| A comparison of the frequency distribution o ce ‘ 
. polygons representing the loss in weight in ro) \ 
| the standard oven test for the 1935 and 1955 e740 
. . asphalts is shown in figure 16. Except for = 
| a slightly larger spread in results for the = 
current asphalts, the distribution for the loss 20 
| in weight values was essentially the same. 
| In both periods the majority of the samples 
lost less than 0.20 percent. °55 30 40 50 60 70 BO 90 100 nO 
Retained penetration of standard oven test RETAINED PENETRATION, PERCENT 
residue Figure 13.—Comparison of the results of retained penetration after 
| A comparison of the results of the penetra- standard and thin-film oven tests. 


iH} tion retained by the residues from the stand- 
} the standard oven test for the 1935 and 1955 
| asphalts is shown in figure 17. There was a 








| considerable difference in the amount of re- FAN 7 

ay tained penetration for the two series of as- 

i phalts. Twenty percent of the 40 asphalts cs hme et 

1 in the 1935 series had less than 75 percent > = le 


retained penetration. None of the 119 as- 
phalts in the 1955 series retained less than 
75 percent penetration. The peak of the dis- 
tribution was between 75 and 80 percent for 
‘ the 1935 asphalts and between 85 and 90 per- 
i, cent for the 1955 asphalts. This difference 
resulted chiefly from the general absence of 
4 highly cracked asphalts in the 1955 series. 
Nearly all of those asphalts retaining less 
than 75 percent of their original penetration 
were cracked asphalts. 
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Figure 18 shows the distribution of the 
a | results of the change in weight during the Goa 108 2 16 120 124 128 132 136 140 144 148 
{ thin-film oven test for the asphalts produced SOFTENING POINT, °F. 

‘] in 1935 and 1955. The main differences in Figure 14.—Comparison of softening points of thin-film residues and original values. 
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| more generally used as a specification test 
(fig. 22). None of the asphalts produced in 
1935 had penetration ratios less than 25 as 
compared with 6.7 percent of those produced 
in 1955. However, 21.1 percent of the 1935 
asphalts had values between 25 and 29 as 
compared with 9.2 percent of the 1955 
samples. Here, the larger percentage of 1935 
asphalts is due essentially to the results of 
four California asphalts and two _ highly 
cracked asphalts falling in the 25 to 29 range. 


Furol viscosity at 275° F. 


A comparison of the Furol viscosity at 275° 
F. of the asphalts produced in 19385 and 1955 
is shown in figure 23. In general, the vis- 
cosity of the 1955 asphalts was higher than 
the 1985 asphalts. The secondary peak of 
the 1935 asphalts, between 50 and 100 seconds, 
was caused by the four California and two 
highly cracked asphalts. 


Oliensis spot test 


In the 1940 report (1) it was shown that 
15 of the 40 asphalt cements tested had a 
positive reaction to the Oliensis spot test, 
and that the degree of heterogeneity as 
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Figure 16.—Distribution of loss in standard 
| oven test, 1935 and 1955. 
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Figure 15.—Comparison of ductility of thin-film residues 
and original values. 


measured by the xylene equivalent was high 
for some of them, 7 having values higher 
than 12. ‘The spot test using standard 
naphtha on the 1955 asphalts indicated nega- 
tive results for 105 of the 119 samples. The 
remaining 14 samples showed a positive spot, 
but most of these had relatively low xylene 
equivalents as indicated in table 3. Samples 
42 and 109 are unusual in that they showed 
positive spots with 100-percent xylene. How- 
ever, both of these samples contain unusually 
high amounts of organic insoluble in carbon 
disulfide. This insoluble material most 
likely produces the spot. Sample 69 has a 
12-16 xylene equivalent, and this asphalt is 
known to be refined from a West Texas crude 
that produces a positive spot asphalt even 
when vacuum or steam refining is used. One 
asphalt of the 1935 group was from the same 
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producer and crude source and had a xylene 
equivalent of 16-20. All of the other positive 
spot materials had a xylene equivalent less 
than 12. 

Thus it is indicated that very few of 
the present day asphalts would fail to pass 
spot test requirements in specifications, par- 
ticularly if the standard solvent contains 
some increment of xylene as is often specified. 


General Discussion of Data 


The test values reported here are consid- 
ered important as a group in that they pro- 
vide needed information concerning what may 
be considered normal values for specific test 
characteristics, and also what the expected 
relation between various associated charac- 
teristics may be. The general differences in 
asphalts produced in different areas of the 
country are also considered to be of interest. 
It is believed that such information is needed 
for a proper evaluation of present specifica- 
tion requirements and as a guide to the ac- 
ceptability of new tests and requirements. 
The data should also be helpful to those en- 
gaged in asphalt research. 

From the standpoint of specification re- 
quirements it is shown that very few of the 
85-100 penetration grade asphalts failed to 
meet the standard specifications that are used 
by a large number of States. Although 12 
asphalts failed to fall within the proper pene- 
tration range, only 3 would fail any of the 
other standard AASHO requirements. Sample 
103 had a Cleveland open cup flash point of 
440° F.., 10 degrees below the required 450° F. 
However, this value would be acceptable in 
all but 17 States. Samples 42 and 109 would 
fail the requirement for the amount of in- 
soluble matter in carbon tetrachloride in all 
States using this test. Both samples would 
also fail the usual requirement for carbon 
disulfide insoluble. 

The asphalt specifications in most general 
use fail to measure the relative quality of 








50 








40 
yeye} 
SAMPLES 








30 


PERCENT OF SAMPLES 





20 

















60 65 70 LS 

















80 85 90 95 100 


RETAINED PENETRATION, STANDARD OVEN TEST- PERCENT 
Figure 17.—Distribution of results of retained penetration, 1935 


and 1955. 
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methods. Apparently certain asphalts conf 
tain a small trace of volatile material that is} 
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Figure 18.—Distribution of loss in thin-film test, 1935 and 1955. 
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Figure 19.—Distribution of retained penetration after thin-film oven test, 1935 and 
1955. 


different materials, and some materials meet- 
ing present day specifications may actually 
show poor service characteristics. Conse- 
quently, a number of agencies, including the 
Bureau of Public Roads, are conducting re- 
search directed toward the establishment of 
more direct measures of quality. Several 
States have adopted special tests designed to 
raise the overall quality of the asphalts being 
furnished them. The most extensive effort 
along these lines has been the adoption, on a 
trial basis, of a so-called quality specification 
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Figure 20.—Distribution of ductility results, 


1935 and 1955. 
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by a number of Western States. This specifi- 
cation contains several features not usually a 
part of standard specifications. A general 
discussion of these requirements with respect 
to the data reported in this series of tests and 
the effect of their application on a nationwide 
basis is believed to be of interest. 

The western quality specification substi- 
tutes the Pensky-Martens closed cup appara- 
tus for the Cleveland open cup as the means 
for determining the flash point. Several 
States use a limit of 450° F., whereas that 
recommended by a conference of western pro- 
ducers and consumers in 1957 was 440° F. 
While such limits may be useful in these 
States, the tests reported here show that 
33 asphalts, most of them of apparently good 
quality, would fail the requirement of 450° F. 
if applied on a national basis. The principal 
reason for including flash point requirements 
in specifications is to indicate the temperature 
to which asphalt may be safely heated. There- 
fore the use of a limit more restrictive than 
necessary to accomplish this objective ean be 
justified only if correlation with service or 
laboratory tests for quality is indicated. 

Although one State has reported some corre- 
lation of Pensky-Martens flash point with 
service records of asphalts used in that State, 
such a correlation is apparently not general 
for asphalts all over the country. These tests 
show no specific correlation of the flash point 
values by either method with volatility or the 
tendency of the material to harden in labora- 
tory tests. There is also no definite relation 
between the values obtained by the two 


sufficient to give a closed cup flash at a rela- 
tively low temperature, but the quantity is 
insufficient to produce a flash in the open cup 
apparatus. Losses in weight in both the 
standard and thin-film oven tests show that 
some of the asphalts having low Pensky- 
Martens flash points have relatively low 
amounts of volatile matter. 

A second special test is the penetration 
ratio, that is, the penetration at 39.2° F., 200 


g., 60 sec., divided by the penetration at 77° J 


F., 100 g., 5 see., multiplied by 100. This 
test was first proposed for use by an Hastern 
State with a limiting value of 35. As previ- 
ously discussed, such a limit would not be 
applicable on a nationwide basis as it would 
eliminate almost 90 percent of the asphalts 
available in the far Western States. The 
application of the test with a limit of 25, 
however, serves to eliminate only those ma- 
terials with unusually high temperature 
susceptibility, and therefore the test does 
serve a useful purpose in the western area 
of the country. 

Another feature of the quality specification 
that serves to limit the viscosity-temperature 
relation is the Furol viscosity at 275° F. This 


value is of interest not only as a specification |}, 


requirement but also aS a means of deter- 
mining the proper mixing temperature. The 


western specification has limits of 85 to 260%, 


seconds for the 85-100 penetration grade as- 
phalt. None of the asphalts in this series 
had viscosities lower than 85 seconds, but 
some of the less susceptible good quality 
asphalts in the Hastern States had viscosities 
greater than 260 seconds. Thus again, the 
same limits could not be applied all over the 
country. 

The substitution of the thin-film oven test, 
(44-inch film) for the standard loss test is 
believed to be a definite step forward. The 
data in this report show the standard test 
to be of little or no value. The usual limit 
of 1 percent loss is unrealistic in that no 
asphalt being produced today even approaches 
this limit, even though some of them ap- 
parently contain a much greater amount of 
volatile matter than is consistent with good 
engineering practice. Of even more impor: 
tance is the failure of the test to indicate 
the amount of hardening that is likely te 
occur in the mixing process. 

On the other hand, early investigations 
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Figure 21.—Distribution of ductility results 
of thin-film residues, 1935 and 1955. 
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} have shown that the correlation of the hard- 
} ening that occurs in the thin-film oven test 
with the hardening that occurs in normal 
i) mixing seems to be generally good for all 
asphalts. The relation between various tests 
for hardening was discussed in an article by 
Pauls and Welborn (4). These authors con- 
cluded that a good relation existed between 
the results of the thin-film oven test and a 
number of other tests for hardening such as 
the Shattuck test, an abrasion test on oven- 
weathered Ottawa sand mixtures, and ac- 
celerated outdoor exposure. It was also 
pointed out that the thin-film oven test is the 
most suitable for use in specifications because 
it requires less time, it measures the harden- 








Table 3.—Xylene-naphtha equivalents of pos- 
itive spot asphalts produced in 1955 


Xylene- 
naphtha 


Sample identification 
equivalent 
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Figure 22.—Distribution of penetration ratios, 1935 and 1955. 
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ing of the asphalt directly, and it does not 
require extraction and recovery of the asphalt 
as in the case of those tests in which an 
asphalt-aggregate mixture is used. Contin- 
uing studies in the Bureau of Public Roads 
laboratories since that report have not pro- 
duced any evidence contrary to the conclu- 
sions drawn at that time. 

The proper specification limits to be applied 
to the thin-film oven test to eliminate those 
asphalts likely to be excessively damaged dur- 
ing mixing without being too restrictive have 
been the subject of considerable debate. These 
tests show that the limit of 0.75 percent loss 
most generally used is not unduly restrictive 
for any area. The results also indicate that 
a value of 50 percent used by some States for 
the amount of retained penetration is also 
suitable and would be preferable to the 47 per- 
cent limit now included in the western quality 
specification. The minimum value of 75 cm. 
for ductility as used by the Western States 
appears suitable for that region. However, 
this limiting value may be somewhat severe 
for asphalts from the midcontinent area that 
normally have lower ductility on the original 
material. A better evaluation of this limit 
may be made after the other penetration 
grades of asphalt collected for this study have 
been analyzed. 

As stated earlier, this is a progress report. 
The data reported indicate generally the 
differences in test characteristics that exist 
and those asphalts that have unusual charac- 
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Figure 23.—Distribution of Furol viscosity tests, 1935 and 1955. 


teristics. While certain trends and relations 
are evident, no attempt is made to discuss 
such relations or to draw definite conclusions 
at this time. It is believed that the comple- 
tion of the tests for all grades of asphalts and 
a survey of the performance of some of the 
more unusual materials will provide a basis 
for a better evaluation. 
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North Dakota's Use of Aerial Inventory | 
for County General Highway Maps | 


North Dakota’s topography is particularly 
adaptable to the aerial method of road inven- 
tory. The flat and rolling terrain, the sec- 
tion-line road pattern, and the _ sparsely 
populated areas make it possible to quickly 
identify road and cultural features from the 
air. 

North Dakota, being the first State to 
institute aerial inventory operations, has in 
its initial 3 years produced better inventory 
data in much less time and at less cost than 
the conventional ground inventory method. 
Formerly, it was necessary for inventory crews 
to travel by automobile over every road and 
street in the State. Since North Dakota is 
the sixth ranking State in total mileage, the 
ground inventory method was both costly and 
time consuming. Under the present inven- 
tory method, most of the data can be re- 
corded from the air. 

The average inventory costs in 1958, based 
on the combined use of aerial and ground 
methods, amounted to approximately 2714 
percent of the cost of the ground inventory 
method used in 1955. 


NB of the principal activities of the State 
highway planning surveys since their 
beginning in the midthirties has been inven- 
tory and mapping. Probably the principal 
use of inventory data has been for the prep- 
aration of county general highway maps. A 
number of methods for collecting the inven- 
tory data have been developed by the several 
States. 

The North Dakota Highway Planning Sur- 
vey has instituted an aerial method for col- 
lecting most of the field data. During the 
past 3 years all 58 counties in the State have 
been inventoried, an area of about 70,000 
square miles and including approximately 
115,000 miles of roads and streets. 





Figure 1.—Aerial classification of low type or unsurfaced road widths: (left) narrow class, single pair of tracks; (center) middle class, 


By E. THOMAS BOWEN, CHARLES J. CRAWFORD} 
North Dakota State Highway Department, ant 


Inventory Operations 


The inventory operations in North Dakota 
involve essentially a combination of the fol- 
lowing activities: office preparation of a work 
map showing roads and cultural data ob- 
tained from aerial photographs; verification 
or revision of the work map based on field 
observations from the air; estimation and 
classification from the air of such informa- 
tion as road surface types and widths, and 
types and sizes of drainage structures; and 
collection, by ground crews, of structural and 
other inventory data in incorporated places. 
Of necessity, certain horizontal control in- 
formation must also be obtained by a ground 
crew. 

A print of the most current county general 
highway map, having a seale of 1 inch equals 
1 mile, serves as a base for the work map. 
Information such as road identification num- 
bers, map segment numbers, and other data 
which serve to orient the air crew are indi- 
cated on the base map. Available aerial 
photographs are then examined for the pur- 
pose of updating the base map to the extent 
possible. The work maps are cut into seg- 
ments of convenient size for ease in handling 
within the aircraft. 

The work map is then taken aloft and each 
road is studied. The roads in North Dakota 
generally follow the north-south or east-west 
section-line land grids. The road and ecul- 
tural data that appear on the work map are 
identified from the air by a check mark on 
the map. Features not shown on the work 
map are added by color code, and conversely, 
features shown on the map but found to be 


JOHN B. KEMP, Bureau of Public Roads 


nonexisting are crossed out. Also, incorrec) | 
map data are adjusted to conform with ob 
served conditions. 


Aerial Classification of Roads 


Most of the roads located off the Federal 
aid primary system in North Dakota are 
gravel-surfaced or dirt roads, and for these} 
a satisfactory visual grouping of three wid 
classes has been used: narrow, under 20 feet ] 
middle, 20-26 feet; and wide, over 26 feet 
Widths from construction plans are available 
for practically all surface-treated and highe1 
type roads. 

The narrow earth and gravel-surfacec 
roads under 20 feet are characterized by 4a). 
single pair of tracks; the middle class, witk 
seldom meeting traffic, is characterized by 
three tracks; and the over 26-foot widths gen. 
erally have two pairs of tracks or four clearly 
defined wheel tracks (fig. 1). | 

Minor structures, 10 to 20 feet in length, 
are classified according to size and type from 
the air. On the basis of test runs, it was 
found that an experienced air crew could 
estimate road surface widths and structure), 
size and type information to better than 95- 
percent accuracy. 





Ground Crew Activities 


The ground crew and air crew activities 
are well coordinated to prevent duplication 
of effort. The aerial inventory is made first, 


17This article was presented at the 38th Annual} 
Meeting of the Highway Research Board, Wash, 
ington, D.C., January 1959. ‘Authors’ titles are ar M 
follows: Mr. Bowen, Assistant Highway Planning| ' 
Survey Engineer; Mr. Crawford, eee ye Plan. 
ning Survey Engineer; and Mr. Kemp, Di 
Engineer. 
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three tracks; and (right) wide class, two pairs of tracks. 
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ind all possible data are collected by this 
nethod. The remainder is handled by the 
ce sround crew. 

In areas where there is inadequate coverage 
2% triangulation stations, the ground crew 
takes the aerial photographs into the field, 
af locates enough section corners to give ade- 
th quate horizontal control data for mapping, 

and pin pricks the section corner locations 
on the aerial photographs. It should be noted 
‘ that the collection of this horizontal control 
‘00 3 ; ; 

a fe ormation by the ground crew is a one-time 
ti operation and it has been completed. 

an For structures with over 20-foot clear span, 
the ground crew records type, width, length, 
and related data. Since most of this infor- 
mation has been obtained, future reinventory 
operations will include only the structures 
built, replaced, or destroyed since the pre- 
vious inventory. Such structures can be 
readily identified by the air crew. Inventory 
jata for structures built on the Federal-aid 
as can be taken from the construction 


: The air crew has inventoried the smaller 
¢/ Unincorporated compacts by the checkoff 
method, working from photocopy enlarge- 
Ments of the aerial photographs. In a few 
of the larger unincorporated compacts, espe- 
cially those with over 500 population, some 
assistance from the ground crew was needed. 


Equipment, Personnel, and Operation 


The aerial inventory is accomplished in a 
four-place aircraft equipped with all-weather 
instruments including a directional gyro 
compass. The aircraft is leased from a 
privately owned corporation exclusively for 
the inventory operation. The rental rate is 
$12 per hour without pilot; there is no fixed 
Minimum charge for limited use. A new 
airplane of this general type so equipped 
would cost from $10,000 to $15,000. 

The State has full control of all operations 
and maintenance. Whenever repairs and 
maintenance are deemed necessary, whether it 
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be a new motor or a small screw, the State 
Highway Department initiates the work 
orders and the corporation pays the bill. 

There is strict adherence to FAA safety 
regulations, both in maintenance and in flight. 
The corporation carries insurance on damage 
to the airplane, property damage, and liability 
coverage for all State and Federal personnel 
using the craft. 

The air crew consists of a pilot and a 
recorder. The State Highway Department 
employs a pilot on an annual salary, which 
includes an increment for flight time. When 
not engaged in flying activities, particularly 
during the winter months, he is assigned 
office duties. A number of State employees 
hold commercial pilot licenses which qualify 
them for this type of work. ‘The recorder is 
one of the regular draftsmen in the Inventory 
and Mapping Section. Several draftsmen 
have been trained for this duty. 

Three-fourths of the counties in North 
Dakota are within 1 hour’s flight time from 
the State Capitol in Bismarck (fig. 2), which 
is the base of operations for the air activities. 
This saves subsistence and quarters allow- 
ances and is convenient in assigning office 
duties during inclement weather. 

In working the outlying counties the air 
erew collects inventory data in intermediate 





counties enroute. By the time the inventory 
of the outlying counties is completed, a major 
portion of the work in the intermediate coun- 
ties has been completed also. By proper 
scheduling of the counties for inventory in 
any given year, little time is lost in “dead- 
heading”’. 

In rough terrain, such as the badlands, 
high level reconnaissance at 2,000 to 5,000 
feet (above the ground) is necessary for 
orientation. After completion of the high 
level reconnaissance, the flight altitude is re- 
duced to less than 1,000 feet for detailed road 
information. 

In flat or gently rolling terrain the high 
level reconnaissance is employed only in the 
more congested urban areas. In rural areas 
the section lines are usually well defined, in 
many instances with a road or trail. Orienta- 
tion presents no special problem in such areas 
and the inventory data can be collected by 
low level flights. These flights generally are 
made at an altitude of 200 to 500 feet, and at 
an air speed of about 80 miles per hour. FAA 
and North Dakota low flight waivers are 
required. 

The low level county-wide flight runs are 
made covering one section line at a time and, 
depending upon the wind direction on a given 
day, either north-south or east-west section 
lines are flown. Occasional circling and re- 
runs are necessary if features are not clearly 
identifiable on the first run. For instance, it 
may be difficult to ascertain whether a dwell- 
ing unit in a grove of trees is occupied. Also, 
a cluster of houses tends to pass from view 
too quickly at low altitudes. If the culture is 
quite dense, it may be necessary to climb to a 
higher altitude to get a better overall view. 


Comparative Costs 


As shown in table 1, the area of the aver- 
age county in North Dakota is 1,324 square 
miles. During 1955, the last year the ground 
inventory method was used, the inventory 
operations in an average county cost $6,104 
or $4.61 per square mile. The cost in previous 
years approximated this amount. 

In 1956, the first year of the aerial in- 
ventory, the average cost per county was 
$2,118 or $1.60 per square mile. In 1958, the 
average costs per county and per square mile 
were $1,681 and $1.27, respectively. Field 
inventory costs should be further reduced 
during subsequent reinventory operations, 


Table 1.—Comparison of aerial and ground in ventory costs in North Dakota, 1955—58, based 
on an average of 1,324 square miles per county 


1956 1957 1958 


Cost basis 1955 (=100)! 


Actual 


Cost per county: 


Aerial inventory_-_------ $1, 165 
Ground inventory-..----- 953 


Cost per square mile: 
Aerial inventory 
Ground inventory---.---- 





Adjusted Actual 
cost 1 


Adjusted Actual Adjusted 


$1, 095 $966 $807 
896 914 874 813 


1,991 1, 880 1, 681 1, 564 


0. 83 0. 73 0. 61 
- 67 . 69 . 66 


1.50 1. 42 1, 27 1,18 


0. 57 
- 61 


1 Cost indexes: 1955=100, 1956=106.4, 1957=107.5, and 1958=107.5. Changes in index values reflect primarily increases 


in salaries and aircraft operating costs. 
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Future Operations 


Reinventory operations will be continued 
on a 8-year cycle. This cycle is considered 
reasonable from the standpoint of efficient 
inventory and mapping operations, and in 
view of the need for current data. Under 
this plan, one-third of the roads and streets 
would be inventoried each year. 

very effort is being made to transfer 
ground crew inventory activities to the air 
crew. In the past, the ground crew has in- 
ventoried all incorporated places primarily 
to identify corporate limits. New methods 
of obtaining this information by other than 
a direct visit are under consideration. Also 
under consideration is the purchase of a 
camera and appropriate enlarging, develop- 
ing, and reproduction equipment to permit 
aerial inventory of areas having relatively 
heavy cultural development. 

Within a short time, it is anticipated that 
all incorporated places under 500 population, 
which represent about 70 percent of all in- 
corporated places in North Dakota, will be 
inventoried by the aerial method without 
assistance from a ground crew. Ground crew 
activities will then be limited to inventorying 
streets in cities over 500 population and to 
measuring and classifying structures. 
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Maximum Wind Speeds to Consider 
in Designing Highway Signs 


In cooperation with the Bureau of Public 
Roads, the U.S. Weather Bureau has prepared 
the map shown on pages 208-209 which pre- 
sents wind speeds throughout the United 
States. 

The specific purpose of the map is to pro- 
vide highway engineers with wind speed 
values that can be used in the design of high- 
way signs, especially overhead signs. For the 
first time, the wind data compiled by the 
Weather Bureau were developed from obser- 
vations at airport stations instead of locations 
within cities. A comparison made between 
city and airport stations in the same locality 
showed that winds were considerably higher, 
in most cases, at airports. 

Wind speeds shown on the map at an eleva- 
tion of 30 feet above ground are for the 50- 
year mean recurrence interval, and take into 
account thunderstorms and hurricanes. Tor- 
nadoes are not subject to prediction by the 
method used in compiling the map data, and 
have such extreme wind speeds with a low 
probability of occurrence that design for their 
loads is not economically warranted. The 
map does not show wind direction; hence, the 
term speed is used instead of velocity. 



















Adequate guide and destination signs fe 
the Interstate System have been estimated t! 
cost nearly $1%4 billion. The greater dime 
sions of the new signs and their positionin 
along the roadway to provide highway clea 
ance and legibility make the sign supportin|} 
structure an important engineering problen 


Highway Statistics, 1957 


The Bureau’s Highway Statistics, 1957, 
thirteenth of the bulletin series presentin 
annual statistical and analytical tables o 
general interest on the subjects of motor fue 
motor vehicles, highway-user taxation, Stat 
and local highway financing, road and stree 
mileage, and Federal aid for highways, is noy | 
available. 

The 200-page publication, which include §, 
special tables on State legal and administra )) 
tive provisions regarding motor-fuel taxation 
motor-vehicle registrations, and operator’, 
licenses, may be purchased from the Super }! 
intendent of Documents, U.S. Governmen) 
Printing Office, Washington 25, D.C., at $1.2: 
a copy. The series of annual bulletins tha : 
are available from the Superintendent o: 1 
Documents are indicated on the inside bacl 
cover of PuBLIc ROADS. 
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‘TD ETWEEN 1945 and 1955, parking surveys 
were conducted in the central business 
districts of 91 cities. The surveys consisted of 


i two phases: parking and traffic. In many of 


" these surveys, because of a limited budget, 
ation: 


, The 10 a.m. to 6 p.m. period, although de- 
sirable for the study of parking, has its short- 
comings from the traffic standpoint because of 
the omission of the morning peak hours of in- 
bound traffic. Since the 10 a.m. to 6 p.m. 
period included the daily peak hours of out- 
bound traffic and since late afternoon peaks 
are usually greater than morning peaks, pref- 
erence was given in the analysis to the out- 
bound traffic volumes as the basis for com- 
paring traffic volumes among cities. This, 
however, is not intended to detract from the 
usefulness of the inbound traffic data shown 
inthe tables. Inbound traffic data can also be 
used for comparing traffic volumes among 
cities and population groups. 


Vehicles Entering and Leaving 
the Central Business District 


The central business district with its con- 
centration of commercial, business, financial, 
and governmental activities is one of the prin- 
cipal destinations of traffic in an urbanized 
area.’ Table 1 shows the number of vehicles 
entering and leaving the central business 
‘district between 10 a.m. and 6 p.m., and the 
relation between traffic volumes and urban- 
ized area population for each of the 91 cities. 
From this table it is possible to compare 
traffic volumes of one city with another, since 
the data pertain to the same period of the day 
and were obtained by the same procedure. 
Table 2 is a summary showing the averages of 
these data for cities within each population 
group. 

Five types of traffic entered the central busi- 
hess district: (1) Vehicles passing through 
without parking, 10 a.m—6 p.m.; (2) vehicles 
arriving after 10 am. and leaving before 
6 p.m.; (3) vehicles arriving before 10 a.m. 
and leaving after 6 p.m.; (4) vehicles arriy- 





1Parking Guide for Oities, Bureau of Public 
Roads, Washington, 1956, fig. 31, p. 115. 
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haracteristics of Traffic Entering and 
eaving the Central Business District 


BY THE DIVISION OF HIGHWAY PLANNING 


Reported by DAVID A. GORMAN, Highway Research Engineer, and 
STEDMAN T. HITCHCOCK, Chief, 
Highway Planning Division 


The prosperity of the central business district depends to a great extent upon 
a transportation system capable of carrying the huge volumes of traffic destined to 
the central area and upon vehicle storage capacity. Knowledge of the movement 
of traffic entering and leaving the central business district, including its volume 
and composition, and the ability to estimate these traffic characteristics are pre- 
requisites for good city planning. 

The central business district is but one terminus of many trips in an urbanized 
The other major terminus is outside the central business district in the 
various zones or sections of the urbanized area. This article discusses only one 
area of the study of urban traffic, the central business district. With the develop- 
ment of more accurate relationships between population, land use, and automobile 
and transit trips generated outside the central business districts, more reliable 
predictions of the volume and distribution of travel from the various zones to the 
central business district should be possible. 

The traffic volume data presented here should be considered carefully before 
applying to any particular city. The wide variations in numbers of vehicles 
entering and leaving the central business district of cities within a population 
group demonstrates the need for precaution in making generalizations, except in 
the case of averages for population groups. Nevertheless, the data do have 
considerable value as a measure of traffic that can be expected to enter and leave 


area. 


the central business districts in cities of different sizes. 


ing after 10 a.m. and leaving after 6 p.m.; and 
(5) vehicles arriving before 10 a.m. and leay- 
ing before 6 p.m. Vehicles in groups 1 and 2 
were counted as they entered and again as 
they left. Vehicles in group 3 were missed 
entirely; those in group 4 were counted in- 
bound only ; and those in group 5 were counted 
outbound only. 

The ratio of outbound vehicles to inbound 
vehicles between 10 a.m. and 6 p.m. tended to 
increase with population size, (tables 1 and 
2), which shows that more vehicles of group 5 
entered the central business district of the 
larger cities than vehicles of group 4. This 
seems to indicate that the proportion of em- 
ployees in the inbound traffic stream increases 
with population size. This is significant be- 
cause of the bearing it has upon the type of 
parking space that is required in the larger 
cities in contrast to that which is required in 
the smaller cities. Employees as a group are 
long-time parkers, whereas persons on busi- 
ness and shopping trips are generally short- 
time parkers. 

Figure 1 shows the number of vehicles by 
urbanized area population that left the cen- 
tral business district between 10 a.m. and 
6 p.m., and the number per thousand popula- 
tion. According to this graph, the number 
of vehicles leaving the central business dis- 
trict in proportion to population decreased 


as cities became larger. The slope of the 


curve for the number of vehicles leaving the 
central business district approaches the 
horizontal for cities of about 800,000 or more 
population which indicates the probability 
that further increases in population produce 
only very minor increases in the number of 
vehicles leaving the central business district. 

It should be noted that the curves apply 
only to averages for cities within population 
groups and not to individual cities. Using 
averages for cities within a population group 
greatly reduced the influence of factors 
responsible for the variations of the indi- 
vidual cities. It has not yet been possible to 
identify all of these factors nor to measure 
them satisfactorily. 


Traffic Volumes Compared 
on Per Capita Basis 


The traffic problem is not confined to large 
cities. On a per capita basis, the central 
business districts in the smaller cities are 
greater traffic magnets than those in the 
larger cities. Thirteen times aS many ve- 
hicles per thousand population entered the 
central business district in the average city of 
the 10,000-25,000 population group as in the 
over 1 million population group. This large 
difference is probably due in part to the fact 
that the area of central business districts 
increases very slowly in relation to popula- 
tion. The average city in the over 1 million 
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Table 1.—Passenger cars, trucks, and buses entering and leaving the central business district in 91 cities 













































































— 
Vehicles entering Vehicles leaving Vehicles leaving CBD during Trucks and buses leaving 
CBD, 10a.m-.6 p.m. |} CBD, 10a.m.-6 p.m. peak % hour CBD, 10 a.m.-6 p.m.! 
Ratio: Ratio: 3 
Urbanized vehicles peak 14 p0 
Population group and city |Yearof} area popu- leaving/ Percent- hour/ Percent- 
study | lation, 1950 Per Per vehicles Per age ofall| average Per age of all 
Number 1,000 Number 1,000 | entering | Number 1,000 | vehicles | 44 hour | Number 1,000 | vehicles 
popula- popula- popula- | leaving popula- | leaving 
tion tion tion 10 a.m.- tion 10 a.m.- 
6 p.m. 6 p.m. — 
ee — 5 
5,000-10,000: y 
Paris Kyo ee ees 1955 6, 912 9, 716 1, 406 9, 783 1, 415 1.01 984 135 10 1. 53 2,116 306 22 5 
Decaturalnd sso. s ose 1948 Wy 20 5, 918 814 6, 134 844 1.04 582 80 9 1. 52 J, 131 156 18 
Seymour; Ind___.-----22-- 1948 9, 629 10, 594 1, 100 10, 752 Dlyy, 1.01 914 95 9 1.36 2, 345 244 22 { 
10,000-25,000: r 
Wabash, ind 222s 1948 10, 621 9, 961 938 10, 549 993 1.06 973 92 9 1. 48 1, 982 187 19 f 
@oatosvilieyPas wasn eae 1951 13, 826 15, 087 1,091 15, 342 1, 110 1.02 1, 296 94 8 1.35 2, 949 214 19 ( 
Lewistown, Pa__--------- 1952 13, 894 14, 271 1, 027 14, 834 1, 068 1.04 1, 230 89 8 1.33 2, 806 209 19 
Panoveres sees eee 1954 14, 048 17, 480 1, 244 18, 090 1, 288 1.03 1, 925 137 il 1.70 3, 335 237 18 e 
Hrankfont.. 1110 sess 1948 15, 028 11, 244 748 11, 577 770 1.03 1, 096 73 9 151 1, 891 126 16 
Huntington; Ind_-_.-2— 22 1948 15, 097 14, 431 956 15, 007 994 1.04 1, 423 94 9 152) 2, 485 165 17 
West Chester, Pa__..-.._- 1949 15, 168 14, 961 986 15, 211 1,003 1.02 1, 461 96 10 1.54 3, 149 208 21 
Aprchahatenieh lees See oe 1953 16, 172 8, 819 545 9, 553 591 1.08 814 50 9 1.36 1, 679 104 18 
Stevens Point, Wis-_-.---- 1947 16, 564 9, 755 589 10, 213 617 1.05 975 59 10 1°53 1, 684 102 16 
Carlisle, a= seca 1953 16, 812 17, 495 1, 041 17, 760 1, 056 1.02 1, 830 109 10 1.65 3, 334 198 19 
Greensburg. Bases escee 1952 16. 923 20, 613 1, 218 21, 297 1, 258 1.03 PSP 131 10 1. 67 4,319 255 20 
Chambersburg, Pa______-- 1954 17, 212 17, 639 1, 025 18, 297 1, 063 1.04 1, 860 108 10 1.63 3, 630 211 20 ; 
Martinsville, Va_-__------ 1949 17, 251 10, 987 637 11, 299 655 1.03 989 57 9 1.40) «|. (232c2< lee) eee eee ) 
ClovisniNe Mex: seeeene ae 1950 17, 318 16, 312 942 16, 749 967 1.03 1, 501 87 9 1. 43 3, 509 203 21 - 
Bradiord.eea 5s aes 1953 17, 354 12, 940 746 13, 472 776 1.04 1, 399 81 10 1.66 2, 498 144 19 , 
Monessen, Pa_2f) ee. 1953 17, 896 9, 054 506 9, 452 528 1. 04 944 53 10 1.60 1, 585 89 17 7 
Columbus, Ind_-__-------- 1948 18, 370 12, 613 687 13. 387 729 1.06 1, 336 73 10 1.60 2, 489 135 19 5 
Portsmouth, N. Hi--___ 1946 18, 830 12, 906 685 12, 591 669 . 98 1, 076 57 9 1.37 2, 143 114 17 i 
Meadvilleneat-eeeen oa 1948 18, 972 16, 398 864 geal 902 1. 04 1,318 69 8 1,983 2, 287 121 13 0 
OIKCityitbassestes ee 1954 19, 581 14, 518 741 15, 508 792 1.07 1, 686 86 11 1.74 2. 507 128 16 1 
Anderson, S:Co2 === 2 1947 19,770 16, 854 853 17, 267 873 1.02 1, 365 69 8 1. 26 2, 906 147 17 0 
(Umiontowme ease eee eee 1950 20, 471 21, 546 1, 053 21, 696 1, 060 1.01 2, 032 99 9 1.50 5, 086 248 23 2 
Pottstowalpeas = eee ees 1949 22, 589 20, 363 901 20, 830 922 1.02 1, 674 74 8 7 1.29 4,214 187 20 q 
Butlers Pa ses see o nee 1951 23, 487 20, 582 876 21, 539 917 1.05 2, 042 87 9 1552 3, 987 170 19 0 
Pottsville pase see se 1953 23, 640 18, 877 799 19, 607 829 1.04 1, 652 70 8 1.35 3, 168 134 16 ) 
Walla Walla, Wash_-_-____- 1946 24, 102 15, 658 650 16, 291 676 1.04 1, 631 68 10 1.60 3, 072 127 19 y 
25,000-50,000: e 
New Kensington, Pa____- 1954 25, 146 19, 365 770 20, 024 796 1.03 2, 059 82 10 1.65 3, 268 130 16 r 
Roswell, N. Mex____----- 1950 25, 738 20, 937 813 21, 303 828 1.02 2, 108 82 10 1.58 4, 514 175 21 t 
Weshine ton, assesses 1952 26, 280 21, 142 804 22, 585 859 1.07 Ailey 81 9 ial 3, 879 148 17 u 
isahanon Meas ssa eee 1953 28, 156 23, 291 827 24, 372 866 1.05 2, 524 90 10 1. 66 4, 956 176 20 a 
Fond du Lac, Wis- ___-_-- 1950 29, 936 18, 172 607 19, 056 637 1.05 2, 009 67 11 1.69 3, 147 105 17 0 
Biddeford-Saco, Maine__-| 1950 31, 160 18, 489 593 20, 003 642 1.08 1, 831 59 9 1. 46 3, 576 115 18 a 
IRGNO, INOVa. ose ee anne 1949 32, 497 30, 141 928 30, 768 947 1.02 3, 104 96 10 TOL 3) eee ee ee . 
Bristol, Tenn.-Va___------ 1950 82,726 22, 022 673 23, 145 707 1.05 2, 147 66 9 LiASwy} Gis et ee | ote p 
Lafayette, La.?__..-_---_-- 1955 33, 541 20, 202 602 21, 526 642 iy Nag ERS eee lhe Oe WW et ee 8, 995 119 19 
Owensboro, Ky-_---------- 1955 33, 651 20, 353 605 21, 703 645 1.07 2, 333 69 11 172) 3, 664 109 17 4 
Boise, Ldavol- 22 ae 1948 34, 393 24, 605 715 25, 781 750 1.05 2, 657 77 10 1.65 4, 786 139 19 > 
Wilexandria, ligessen 2 oo 1947 34, 913 16, 363 469 16, 849 483 1.03 1, 418 41 8 1.35 4,021 115 24 ‘ 
Baston, Ravers see es 1948 35, 732 24, 445 684 24, 513 686 1.00 2, 006 56 8 gl 6, 211 146 21 : 
Steubenville, Ohio___-__-- 1952 35, 872 18, 107 505 18, 640 520 1.03 1, 539 43 8 ys? 4, 155 116 22 ue 
Hugene, Oregs--.--2.-__-- 1952 35, 879 37, 756 1, 052 87, 515 1, 046 .99 3, 908 109 10 1 OT Ve a | ee | ee 
Independence, Mo___--_--- 1950 36, 963 14, 903 404 15, 240 412 1.02 1, 291 35 8 1.36 7218} 74 18 ; 
Norristown, (ass -=)2—— 1949 38, 126 27, 937 733 28, 413 745 1.02 2, 573 67 9 1.45 7, 170 188 25 
Monroe, asseneeen a aes 1947 38, 572 19, 462 505 20, 400 529 1.05 1, 805 47 9 1.42 4, 317 112 21 
KOKOMO LN esa eee 1948 38, 672 19, 547 505 20, 192 522 1.03 1, 753 45 9 1.39 3, 560 92 18 
Lake Charles, La_-_-_-.-_- 1947 41, 272 17, 154 416 18, 306 444 1.07 a vwal 43 10 1.55 3, 594 87 20 
Newport News, Va------- 1954 42, 358 18, 688 441 21, 982 519 1.18 3, 028 71 14 2:°20°0) | 7522s cea ee Ce 
Williamsport, Pa____.--_- 1954 45, 047 21, 697 482 23, 922 531 1.10 2, 336 52 10 1. 56 4,018 89 17 
Anderson, Ind = 2S2s2eee--5 1948 46, 820 24, 412 521 24, 424 §22 1.00 2, 700 58 int Ie 3, 702 79 15 
Iuynchburg) Viau----—-so—= 1948 47, 727 17, 372 364 19, 330 405 Tabi 2, 085 44 11 1.73). shy eeese a een eee 
New Castle, Pa_..._-.___- 1952 48, 834 25, 305 518 27, 086 555 1.07 2, 303 47 9 1,36 4,961 102 18 
50,000-100.000: 
Orden Utahe ese es 1952 57,112 31, 166 546 32, 101 562 1.03 3, 481 61 11 1.74 4,517 79 14 
Lancaster, Pa_—-------_-+- 1954 76, 280 45, 729 599 47, 974 629 1.05 5, 203 68 11 1.74 8, 884 116 19 
Lexington. Keyes ae 1952 76, 497 45, 902 600 46, 929 613 1.02 4,068 53 9 1539. @ |p atest ®: Sa 4l geen | ee 
Pa wtickeb kyle = saaeee em 1945 81, 436 26, 197 322 26, 728 328 1.02 2, 373 29 9 1, 42 4, 854 60 18 
Topeka, Weamsaaee aoe sees 1951 89, 104 48, 114 540 51, 860 582 1.08 6, 763 76 13 2.09 8, 909 100 17 
Albuquerque, N. Mex___-| 1949 96, 815 32, 359 334 33, 976 351 1.05 SUS7E 35 10 1.59 6, 606 68 19 
iaincoln, Nebr=sasesonee== 1950 99, 509 35, 741 359 38, 761 390 1.08 4,748 48 12 1.96 3, 127 31 8 
100,000-250,000: 
Portland, Maine aA Ae L, 1949 113, 499 32, 769 289 35, 604 314 1.09 3, 607 32 10 1. 62 8, 210 72 23 
Corpus Christi, Tex_____- 1947 122, 956 26, 082 212 26, 966 219 1.03 2, 520 20 9 1.50 4, 544 37 17 
New Bedford, Mass_----- 1954 125, 495 35, 393 282 37, 463 299 TOG) |e Bee ten eens | err a |S £0 5, 375 43 14 
Gary, \Ind 5. ses eae 1949 133, 911 33, 979 254 34, 786 260 1.02 3, 439 26 10 1. 58 5, 955 44 17 
Evansville; Ind Soe eens 1949 137, 573 32, 699 238 35, 154 256 1.08 3, 753 27 11 17 PPA 52 21 
Charlotte; IN; O22 =sses. 1947 140, 930 48, 422 344 51, 200 363 1.06 5, 000 35 10 1,56: yore 2 | ee ee 
ANentown, PB e22s-2e2=soe- 1948 145, 145 32, 252 222 33, 712 232 1.05 2, 724 19 8 1. 29 6, 883 47 20 
iKaroxyillen 0 erie ss eae 1946 148, 166 33, 304 225 34, 786 235 1. 04 2, 847 19 8 deo 6, 086 41 17 
Reading pba sae 1947 154, 931 34, 458 222 35,553 229 1.03 2, 955 19 8 ess 8, 872 BT 25 
Chattanooga, Tenn______- 1947 167, 764 35,715 213 37, 892 226 1.06 3, 567 21 9 1. 51 7, 264 43 19 
Harrisburg, Pa -s ese oe 1946 169, 646 34, 701 205 36, 983 218 107 3, 275 19 9 1. 42 8, 394 49 23 
Spokane, Wash__-_._____- 1947 176, 004 49, 383 281 54, 982 312 1.11 6, 462 37 12 1.88 11, 740 67 21 
Wichita, Kans____-_.____- 1947 194, 047 46, 011 237 48, 552 250 1.06 5, 369 28 11 77 7, 952 47 16 
Tulsa; OK asses. osees oe 1954 206, 311 63, 469 308 66, 819 324 1.05 8, 084 39 ie 1, 94 11, 681 57 17 
250,000-500,000: 
Richmond, Viaeecssoe== es 1948 257, 995 46, 457 180 54, 816 212 1.18 5, 007 19 9 1.46 |+ 22.235 20 eee 
Eonoluluy, DES eosan nes 1947 286, 928 48, 637 170 52, 916 184 1.09 5, 410 19 10 1. 64 11, 356 40 21 
Omaha, Nebr--=-2---.__-- 1948 310, 291 58, 549 189 62, 967 203 1.08 7, 651 25 12 1,94), |*' 5S eS eS | ee 
Woledo,, OiGR== ae asesae 1947 364, 344 60, 047 165 64, 452 177 1.07 5, 554 15 9 1,38 12, 387 34 19 
Memphis, Tenn_-_______- 1950 406, 034 51, 357 126 55, 721 137 TOO) sce ew) J 2 ep ee | | ee ee | ee | 
Milena El ate ee 1951 458, 647 78, 152 170 77, 969 170 1.00 6, 915 15 9 1. 42 12, 689 28 16 
oulsville Keys =aeee sees 1951 472, 736 79, 037 167 83, 788 177 1.06 8, 285 18 10 158° < | yeeceoe ls” | ee eee 
500,000-1,000,000: 
Atlanta, (Gass ese eeenee 1945 507, 887 64, 885 128 64, 982 128 1.00 6, 377 13 10 1.57 14, 122 28 22 
Portland,/Oree-2 seems 1946 512, 643 75, 475 147 84, 264 164 B12) 9, 359 18 11 1.78 17, 969 35 21 
Dallas il Ox eee eee tee 1950 538, 924 87, 766 163 96, 340 179 1.10 10, 840 20 ib 1.80 17, 988 33 19 
Providence, Rls a sae 1945 583, 346 55, 789 96 57, 548 99 1.03 5, 296 9 9 1.47 11, 061 19 19 
Seattle, Wash_..-._______- 1946 621, 509 84, 833 136 91, 505 147 1.08 9, 709 16 ibs! 1.70 14, 752 24 16 
Hlouston, exes ss. sees 1953 700, 508 114, 328 163 125, 255 179 1.10 14, 170 20 li 1.81 24, 278 35 19 
Over 1,000,000: 
Baltimore, Md_-_--------- 1946 1, 161, 852 82, 461 71 86, 836 75 1,05 8, 817 8 10 1. 62 20, 595 18 24 
Cleveland, Ohio_________- 1951 1, 383, 599 97, 518 108, 803 bi 13, 326 10 12 1.96 21, 896 16 20 
St. Louis mM Ons sae 1, 400, 058 76, 448 91, 948 it 11, 229 i 24, 079 








‘ Commercial vehicles were not reported separately in 10 cities; and in two cities (Louisville and Lexington, Ky.) data were omitted because taxicabs could not be separated. 
2 Adjusted from 9 a.m.—5 p.m. study period to 10 a.m.-6 p.m. period. 
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Table 2.—Summary of vehicles entering and leaving the central business districts by population groups 


Vehicles entering 


Average 
urbanized 
area pop- 
ulation, 
1950 


Num- 
ber of 
cities 


Population group 


number 
per city 


CBD,10a.m.-6p.m.!;|CBD, 10 a.m.-6 p.m. 


Average | Per 1,000} Average | Per 1,000 
popula- 
tion 


Vehicles leaving 
peak 14 hour 

Ratio: 
vehicles 
leaving/ 
vehicles 
entering 


Average 
number 
per city 


number 
per city 


popula- 
tion 


popula- 
tion 





5,000-10,000 
10,000-25,000 
25,000-50,000 
50,000-100,000 


100,000-250,000 
250,000-500,000 
600,000-1,000,000_-- 
Over 1,000,000 


7, 900 
17, 700 
36, 000 
82, 400 


152. 600 
365, 300 
577, 500 
1, 315, 200 


8, 700 i, 
15, 100 
21, 700 
37, 900 


38, 500 
60, 300 
80, 500 
85, 500 


107 
860 
621 
471 


252 
167 
139 

65 





Vehicles leaving CBD during 


Percentage 

Per 1,000 | of all vehi- 

cles leaving 
10 a.m.- 


Trucks and buses leaving CBD, 
10 a.m.-6 p.m, 

Ratio: 
peak 14 
hour/ 
average 
16 hour 





Percentage 
of all vehi- 
cles leaving 
10 a.m.- 
6 p.m, 


Average 
per 1,000 
popula- 


Number 
of cities 


Average 
number 
per city 





8, 900 
15, 600 
22, 700 
39, 800 


40, 700 
64, 700 180 
86, 600 149 
95, 900 73 


1, 125 
889 
650 
494 


267 





Mawr dae 
rOooCooOo eo°O°° 


DONO Coed 





1Excludes vehicles already within the central business district at 10:00 a.m, 
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Figure 1.—Vehicles leaving the central business district, 10 a.m.—6 p.m. 


population group had only one-ninth as much 
ground area per capita as the average city 
in the 10,000—25,000 population group’. This 
does not permit as great a per capita use of 
the automobile in central business districts 
of urbanized areas of over 1 million popula- 
The availability of mass transit, the 
small number of parking spaces in relation 
to population, the greater proportion of other 
than downtown destinations in the larger 
cities *, and the greater frequency of down- 
town trips in smaller cities are important 
contributing factors to the large difference 
in the per capita ratio of vehicles entering the 
central business districts of these two popu- 
lation groups. The declining number of ve- 
hicles entering the central business districts 
per thousand population with increasing city 
size reflects the decreasing relative impor- 
tance of the central business district in the 
large urbanized areas as a traffic generator 


Table 2, p. 11. 
Figures 5 and 31, pp. 


2 Parking Guide for Cities. 
8 Parking Guide for Cities. 
19 and 115. 
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in comparison with total traffic generated in 
the entire urbanized area. 

As shown in table 3, the average number 
of vehicles entering the central business dis- 
tricts of cities with over 1 million population 
was only 15 percent greater than the number 
entering the central business districts of 
cities in the 500,000-1,000,000 population 
group. This is in striking contrast to an 
average population difference of 138 percent. 
Fewer vehicles entered the central business 








1, 864 21 
2, 908 18 
4, 161 19 
6, 150 16 


_ Le SS] 
WOww RBOoaw 


7, 690 19 
12, 144 d 19 
16, 695 : 19 
22, 190 23 











districts of Baltimore and St. Louis than 
entered those of Dallas and Seattle, despite 
the fact that the former are considerably 
larger cities. The average city of the 1 mil- 
lion or more population group had 74 times 
the population of the average city in the 
10,000-25,000 population group, but only 6 
times the number of vehicles entering and 
leaving between 10 a.m. and 6 p.m. (table 2 
and fig. 1). 


Variations Among Cities of 
Same Population Group 


The average volume of traffic entering the 
central business district for the group of 
cities comprising a population group increased 
with each progressively larger group, al- 
though not in direct proportion. This trend 
is natural and one that should be expected. 
The large variations within cities of each 
population group and the reasons for these 
variations are probably more significant than 
the averages for the population groups. 

Although population is a very important 
factor, the variations cannot be fully ex- 
plained by population alone. Other factors 
may be just as important in explaining why 
some cities within the same population group, 
such as Reno, Ney., and Hugene, Oreg., in the 
25,000-50,000 population group and Houston, 
Tex., in the 500,000—1,000,000 population 
group, had more vehicles entering the central 
business district than other cities in the 
Same group. The geographical location of 
the central business district with respect to 
the arterial and regional highway system, 
mass-transit use, economic characteristics of 
the city, degree of centralization of commer- 
cial and industrial facilities, and many other 
characteristics are all very significant factors 
that affect the volume of traffic entering the 


Table 3.—Comparison of urbanized area populations, areas of central business districts, and 
vehicles entering CBD in selected cities of the two largest population groups 


Comparison 


Ratio, 
area of 
CBD 


Ratio, 
vehicles 
entering 

CBD 


Ratio, 
popula- 
tion 








Cleveland/Dallas 
Cleveland/Seattle 
St. Louis/Dallas 


Sti ibonis/Seatiloxiases see ee ee en 
Average city over 1,000,000/average civy 500,000-1,000,000 ! 


1 Cities over 1,000,000 population: Baltimore, Cleveland, and St. Louis. 


group: Atlanta, Portland, Dallas, Providence, and Seattle. 





174 2 oe 
50 1.15 
. 86 
. 89 
1.15 








repnr 
wWnNnoanwcn 
BDaown- 


1. 60 
2. 02 
1.85 
1. 99 





Cities included in 500,000-1,900,000 population 
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central business district. These factors are 
as significant in explaining the variations in 
traffic volumes of cities within the same pop- 
ulation group as they are in accounting for 
the differences between population groups. 
Until the reasons for these variations can 
be adequately explained and mathematically 
measured, it probably will not be possible to 
forecast with confidence the traffic volumes 
entering central business districts. For ex- 
ample, Monessen, Pa., a coal mining com- 
munity located along a river, had only 528 
vehicles leaving the central business district 
per 1,000 population during the 8-hour period, 
whereas Chambersburg, a city having prac- 
tically the same population in a more highly 
developed agricultural area of Pennsylvania, 
had twice as many vehicles leaving the cen- 
tral business district per 1,000 population. 


Traffic Volumes Compared 
on a Square Mile Basis 


Vehicle density or the volume of vehicles 
per square mile of central business district 
area has an important influence on traffic be- 
havior. Vehicle densities in places where 
congestion is already acute provide an approx- 
imate measure of the maximum number of 
vehicles that can be accommodated in the 


central business district under prevailing 
conditions. 
The structural character of the central 


business district in the old and mature cities, 
represented by the urbanized areas of 500,000 
population and over, crystallized in a period 
long before the advent of the motor vehicle. 
Consequently, the central business district 
inherited a system of streets generally inade- 
quate for the huge volumes of traffic thrust 
upon it. Asa result, although the population 
continues to grow and the central business dis- 
trict continues to expand both vertically and 
laterally, there can be only a relatively small 
increase in the number of vehicles entering 
the central business district. 

Vehicle densities tend to become greater as 
cities increase in population. Hyen with a 
greatly reduced per capita usage of vehicles 
in the central business districts of the large 
cities, the vehicle densities in the urbanized 
areas over 500,000 population were double 
those in cities under 25,000 population (tables 
4 and 5). The greatest density of vehicles in 
the 91 cities surveyed was 34,000 vehicles per 
square mile in Dallas, Tex. This included 
both vehicles parked and in motion. 

The peak cordon accumulation (greatest 
number of vehicles present within the central 
business district at any time) increased with 
population size. There were approximately 
14 times as many vehicles in the central busi- 
ness district of the average urbanized area of 
over 1 million population as were found in the 
average city of 10,000—25,000 population at 
the moment of peak cordon accumulation 
(table 5). 

Tables 4 and 5 show the peak cordon accu- 
mulation divided by the area of the central 
business district and also by the urbanized 
area population. Placing all cities on an 
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Population group and 
city 


5,000-10,000: 
IRariS™ Kovans see = 
Decatur, Ind------- 
Seymour, Ind.__----- 

10,000-25,000: 
‘Wabash, Ind-_------ 
Coatesville, Pa_---- 
Lewistown, Pa----- 
Hanover, Pa2-2-==-- 
Frankfort, Ind__---- 
Huntington, Ind___- 
West Chester, Pa_-- 
Jeannette, Pa__----- 
Stevens Point, Wis-_- 


@anlisle wae asa 
Greensburg, Pa-_---- 
Chambersburg, Pa-_- 
Martinsville, Va_--- 
Clovis, N. Mex-_---- 
Bradiord) Bazes=-—— 
Monessen, Pa------ 
Columbus, Ind----- 
Portsmouth, N.H-_-- 


Meadville, Pa_----- 
Oil:@ity, Pass 
Anderson, §.C_----- 
Uniontown, Pa----- 
Pottstown, Pa-_----- 
Butler esse ae 
Pottsville, Pa_..---- 
Walla Walla, Wash- 
25,000-50,000: 
New Kensington, Pa_ 
Roswell, N. Mex-_-- 
Washington, Pa.._-- 
Lebanon, Pa------- 
Fond du Lac, Wis-- 
Reno, Nev--------- 
Bristol, Tenn.-Va__- 
Owensboro, Ky----- 


Boise, Idaho-------- 
Alexandria, La----- 
aston, ae. 
Steubenville, Ohio-- 
Eugene, Oreg------- 
Independence, Mo-- 
Norristown, Pa_---- 
Monroe, liaz2------- 


Kokomo, Ind_------ 
Lake Charles, La--- 
Newport News, Va- 
Williamsport, Pa-_-- 
Anderson, Ind_----- 
Lynchburg, Va-_---- 
New Castle, Pa__--- 
50,000-100,000: 
Ogden, Utah. 
lancaster, Pals sa-- 
Lexington, Ky-_-_---- 
Pawtucket, R. I_--- 
Topeka, Kans--_-_-- 
Albuquerque, 
INgaMiex2 32 sae 
Lincoln, Nebr_----- 
100,000-250,000: 
Portland, Maine_--- 
Corpus Christi, Tex- 
New Bedford, Mass- 
Gatynlin ds ee 
Evansville, Ind-_--_-- 
Charlotte, N.C.---- 
Allentown, Pa_----- 


Knoxville, Tenn---- 
Reading, Pass = 
Chattanooga, Tenn- 
Harrisburg, Pa_-__-- 
Spokane, Wash_--_-_- 
Wichita, Kans__---- 
i niss Ok aes ee 
250,000-500,000: 
Richmond Vaee.-—= 
Eonolulus is ceca. 
Omaha, Nebr-_------ 
AOlGd Os Oli nee 
Memphis, Tenn_-___ 
Miami, Fila_--.____- 
Louisville, Ky 
500,000-1,000,000: 
Atlenta wGaceneseo. 
Portland, Oreg- ---- 
Dallas exon aes 
Providence, R.I_--- 
Seattle, Wash__-_--- 
loustony MMexe sen 
Over 1,000,000: 
Baltimore, Md_---- 
Cleveland, Ohio___- 
St. Louis, Mo------ 





1 Not available. 


Urban- 
ized area 
popula- 
tion, 
1950 


6, 912 
7 271 
9, 629 


10, 621 
13, 826 





13, 894 
14, 048 
15, 028 
15, 097 
15. 168 
16, 172 
16, 564 


16, 812 
16, 923 
17, 212 
17, 251 
17, 318 
17, 354 
17, 896 
18, 370 
18, 830 


18, 972 
19, 581 
19, 770 
20, 471 
22, 589 
23, 487 
23, 640 
24, 102 


25, 146 
25, 738 
26, 280 
28, 156 
29, 936 
32, 497 
32, 725 
33, 651 


34, 398 
34, 913 
35, 732 
35, 872 
35, 879 
36, 963 
38, 126 
38, 572 


38, 672 
A, 272 
42, 358 
45, 047 
46, 820 
47, 727 
48, 834 


57, 112 
76, 280 
76, 497 
81, 436 
89, 104 


96, 815 
99, 509 


113, 499 
122, 956 
125, 495 
133, 911 
137, 573 
140, 930 
3 145, 145 


148, 166 
154, 931 
167, 764 
169, 646 
176, 004 
194, 047 
206. 311 


257, 995 
286, 928 
310, 291 
364, 344 
406, 034 
458, 647 
472, 736 


507, 887 
512, 643 
538, 924 
583, 346 
621, 509 
700, 508 


1, 161, 852 
1, 383, 599 
1, 400, 058 











Area of 
CBD, 
square 
miles 


0. 0679 
- 0445 
. 1280 








Accumulation of vehicles in 


CBD, 10 a.m.-6 p.m. 





Table 4.—Accumulation of vehicles in the central business district in relation to area and_ 
population 


Peak accumulation of vehicles 


























Ratio of Per 
Peak Average | peak to | square 
average mile 

1, 023 830 TS} 15, 066 
951 636, 1. 50 21, 371 
Tet25 844 188} 8, 789 
955 773 24 el eee cae 
1,178 1, 094 1.08 8, 791 
1, 650 1, 452 1,14 6, 252 
1, 889 1, 599 1.18 7, 835 
1, 167 904 1.29 20, 877 
1, 036 944 1.10 18, 402 
1, 483 1, 267 alse 12, 410 
1, 589 1, 403 1.13 12, 002 
934 766 1,22 12, 883 

2, 216 2, 038 1.09 6, 251 
2, 562 2, 396 1.07 9, 330 
1, 954 1, 766 Tah 7, 469 
1, 382 1, 194 1SiG 9, 801 
1, 287 1, 128 1.14 11, 028 
1, 791 1, 655 1. 08 7,170 
1, 419 1, 284 iyalil 11, 855 
1, 467 1, 201 oe 14, 312 
1. 704 1, 392 1. 22 15, 013 
1; 557, 1, 387 Ted? 10, 973 
2, 160 1, 951 etal 10, 942 
1. 778 1, 515 dbl I76 13, 923 
2, 796 2, 416 1.16 14, 353 
1, 709 1, 560 1.10 8, 341 
2, 386 2, 138 1.12 10, 753 
2, 140 1, 970 1.09 7, 475 
1, 729 1, 501 1.15 9, 574 
8, 055 2, 579 1.18 11, 827 
1, 703 1, 467 1.16 12, 970 
2, 902 2, 537 1.14 7, 522 
2, 632 QUOLT, 1.14 6, 147 
1, 888 1, 592 1.19 11, 477 
5, 521 4, 970 ileal 18, 110 
2, 127 1, 856 1.15 11, 510 
2, 579 2, 271 1.14 WR 028 
4, 298 3, 888 Lad 13, 373 
1, 819 Ve S77 1.15 18, 524 
2, 165 1, 873 1.16 11, 383 
2) 157 1, 967 1.10 9, 968 
5, 882 5, 173 1.14 18, 222 
1, 491 1, 284 1. 16 18, 476 
2,194 2,015 1.09 13, 477 
2, 043 1, 763 1.16 12, 603 
1, 808 1, 507 1.20 11, 414 
1, 980 1, 658 1.19 9, 397 
27, 548 2 6, 496 LAGFIA ee 
3, 797 3, 373 1.138 10, 923 
3, 226 2, 262 1.43 21, 622 
8, 524 8, 154 oi2 16, 285 
3, 259 2, 834 Tass 20, 420 
3, 645 8, 330 1.09 TES 725 
6, 077 5, 642 1.08 12, 494 
4,776 4,154 1.15 12, 549 
2, 081 1, 842 13 18, 987 
6, 804 6, 048 1.138 13, 770 
3, 689 3, 360 1.10 13, 194 
7, 526 6, 859 1.10 15, 741 
7, 727 7, 155 1. 08 24, 846 
4, 705 4, 374 1. 08 14, 889 
4, 460 3, 739 1 i | eae. 
8, 272 2, 894 1.13 9, 918 
6, 764 6, 240 1. 08 12, 794 
7, 275 6, 773 1.07 19, 318 
2, 401 2, 082 a5 9, 274 
5, 739 5, 069 1.13 15, 103 
4, 831 4, 340 gael 13, 697 
7, 315 6, 621 Toit 15, 240 
5, 079 4, 532 1.12 13, 854 
11, 278 10, 208 1.10 17, 775 
10, 850 9, 691 1,12 20, 865 
7, 898 7, O91 iam! 23, 926 
12, 372 10, 858 1.14 22, 093 
6, 680 5, 315 1.25 19, 546 
11, 519 10, 682 1.08 21, 507 
12, 865 11. 360 iteetle} 24, 566 
9, 603 8, 410 1.14 15. 236 
19, 414 17, 144 1.13 22, 054 
13, 057 11, 397 1.15 19, 783 
11, 837 10, 031 1,18 21, 896 
21, 294 19, 741 1. 08 23, 776 
20, 161 18, 065 1. 12 34, 142 
10, 856 10, 078 1. 08 32, 367 
16, 041 14, 548 1.10 24, 854 
22, 735 20, 126 1. 13 31, 012 
14, 172 12, 681 1.12 18, 751 
28,644 | 24,707 1.16 27, 794 
26, 636 23, 331 1.14 22, 303 


2 Influence of U.S. Navy Yard. 





Per 1,000 
popula- 
tion 























662 


797 
578 
559 
704 
701 
369 
458 
316 
397 


470 








Time of 
occur- 
rence 


WWWHRWWN HE PP 
BSSHUSSHSS BHD 
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oo°oce 


3:00 
1:30 


11:00 
11:30 
12:15 
2:00 
1:00 
3:00 
1:30 


3:30 
2:00 
2:00 
2:30 
2:00 
12:00 


2:00 
2:00 
1:00 


3’ Estimated. 
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Table 5.—Summary of accumulation of vehicles in the central business district in relation to 
population and area 


Average 


Number area of 


Peak and average accumulation of 
vehicles per city in the CBD, 
10 a.m.—6 p.m. 


Average peak accumulation of 
vehicles per city in the CBD 





Population group of 
cities 


CBD, 
square 
mile 


Average 


Ratio of 
peak to Per square 
average mile 


Per square 
Per 1,000 mile per 

population 1,000 

population 





5,000-10,000 
10,000-25,000 
25,000-50,000 ! 
50,000-100,000 


100,000-250,000 
250,000—500,000 
500,000-1,000,000_ 
Over 1,000,000 











1 Newport News, Va., excluded. 


equivalent area basis permits a more equita- 
ble comparison within each population group. 


Changes in Supply of Parking Spaces 


A study of the changes in supply of parking 
space in 387 cities revealed that the average 
annual increase in parking spaces over the 


9-year period from 1947 to 1956 was only 2 
percent in central business districts of urban- 


ized areas with over 1 million population. All 
of the gain came from offstreet parking spaces 
where turnover is relatively low, averaging 
about 1.6. On the other hand, many curb 
spaces were eliminated where turnover is 
relatively large, averaging about 4.4. The net 
result has been a decrease in available parking 
space. 

The difference in the slopes of the upper 
eurves in figures 1 and 2 for cities between 
650,000 and 1,300,000 population is a reflection 
of the longer parking durations and lower 
turnover rates in the central business districts 
of the very large population groups. As 
urbanized areas increase in population, a 
greater proportion of motorists park offstreet 


where the turnover, as previously mentioned, 


is much less than at the curb. The overall 
turnover rate in the average central business 
district of the population group over 1 million 
is about half that of the population groups 
under 100,000.° This results in a considerably 
larger buildup of vehicle accumulation in the 
central business districts of the larger urban- 
ized areas. In the larger cities a greater pro- 
portion of all vehicles entering were present 
at the time of peak accumulation. Approxi- 
mately 60 percent more storage space was 
required for every 100 vehicles leaving the 
central business district of the urbanized 
areas over 500,000 population as that required 
by the same number of vehicles leaving the 
central business district in cities under 100,000 
population (tables 6 and 7). An average of 
880 vehicles per 100 parking spaces left the 
central business district in cities under 100,000 
population, whereas 550 vehicles per 100 park- 
ing spaces left the central business district in 
cities of over 500,000 population (table 7). 





4 Changes in supply of parking space, by David A. 


Gorman. Highway Research Abstracts, Highway 
Research Board, vol. 26, No. 6, June 1956, pp. 
19-22. 


5 Parking Guide for Cities. Table 27, p. 30. 
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2, O11 
622 
378 
184 


107 


a 











The longer parking durations and the re- 
sultant high peak accumulation in cities with 
over 1 million population have an important 
bearing on the question of the economic feasi- 
bility of providing sufficient parking space for 
all who desire to park in the large cities. 
They are also important contributing factors 
in restricting the number of vehicles that can 
be accommodated during the day both in stor- 
age and in movement. 


Outbound Traffic V olumes 


The daily peak exodus of vehicles from 
the central business district usually occurred 
between 5 and 5:30 p.m. In the urbanized 
areas of over 1 million population, an average 
of about 11,000 vehicles left between 5 and 
5:30 p.m. (table 2 and fig. 3). The maximum 
peak half-hour traffic volume observed leaving 
a central business district was 14,200 vehicles 
in Houston, Tex. 

The outbound traffic volumes for the 91 
cities during the peak half-hour of traffic 
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flow exceeded that of the average half-hour 
between 10 a.m. and 6 p.m. by about 60 per- 
cent (table 2). The ratio generally increased 
with population. 


Through Traffic Volumes 


The major arterial routes of an urban area 
almost invariably radiate from the central 
business district. Between 48 and 63 percent 
of the drivers that entered between 10 a.m. 
and 6 p.m. did not stop to park (table 7); 
many entered only because of the pattern of 
the highway and street system. The per- 
centages in table 7 probably include some 
vehicles which had passed through the cen- 
tral business district and were parked just 
outside, with the central business district as 
the ultimate destination of the drivers. Also, 
because of the manner in which observations 
were made, the percentages included vehicles 
in service stations and garages being serviced 
or repaired. 

The percentages shown in table 7 were com- 
puted without regard to trip origins of 
parkers because trip origin data were not 
available in most parking reports. Had trip 
origins of parkers been taken into account, 
the resulting percentages of the vehicles that 
entered and did not stop to park would haye 
been greater than those shown in table 7, 
although only by a small amount, since some 
parkers had come from other parking places 
inside the central business district. 

During the peak half-hour of traffic move- 
ment, usually between 5 and 5:30 p.m., as 
many as 98 percent of the vehicles in one of 
the cities in the 500,000—1,000,000 population 
group passed through the central business 
district without parking (table 6). In many 
cities, a large proportion of this traffic might 
have been more satisfactorily diverted around 
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Figure 2.—Maximum accumulation of vehicles in the central business district. 


217 


the central business district. The propor- 
tion of traffic that entered during the peak 
half-hour of traffic movement and did not 
stop to park tended to increase with the size 
of the city. The development of employment 
centers in sections of the city other than the 
central business district creates a large move- 
ment of population twice a day going to or 
coming from work. Much of this movement 
is across town and through the central bus- 
iness district. 

There was little difference in the proportion 
of traffic passing through the central business 
district without parking during the business 
day (10 am.6 p.m.) in cities of different 
population groups (table 7). This substan- 
tiates the need for and the general practice 
of locating and designing street arterials 
based on peak-hour volumes of traffic. 


Truck and Bus Travel in Central 
Business Districts 


The average number of trucks and buses 
leaving the central business districts from 
10 am. to 6 p.m., and the average number 
per 1,000 population, are shown in table 2 
for cities of various sizes. Trucks and buses 
constituted about 20 percent of all vehicles 
leaving the central business districts, the 
range being 16 to 23 percent for the 8 popu- 
lation groups. This relatively narrow range 
for population groups generally applied to 
individual cities as well. 

The number of trucks and buses leaving 
the central business district in urbanized 
areas of over 1 million population was only 
7 times as great as the number leaving the 
eentral business district in cities of 10,000- 
25,000 population. This may be compared 
with a population ratio of 74 to 1 for the 
same groups. 

On a.per capita basis, 10 times as many 
trucks and buses left the central business 
district in cities of 10,000 to 25,000 popula- 
tion as left the central business districts in 
urbanized areas of over 1 million population. 
The declining ratio of trucks and buses per 
thousand population leaving the central busi- 
ness district with increasing size of city may 
be attributed to the influence of decentraliza- 
tion of industry and business in the larger 
cities, and also to the provision of bypass 
reutes for trucks around the central business 
districts of the larger cities. Generally the 
street pattern in the smaller cities is such that 
much of the through truck traffic as well as 
other types of traffic must pass directly 
through the central business district. 


Trip Purposes 


There were many reasons why motorists 
came to the central business district. About 
half of them entered because the layout of the 
street system or highway network compelled 
them to pass through the central business dis- 
trict on their way to some other destination. 
Of those who stopped and parked, the trip 
purposes were as shown in table 8. The per- 
centage distribution of trip purposes varied 
with population. As population increased, a 
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Table 6.—Passenger cars, trucks, and buses leaving CBD per 100 parking spaces, ratio of | 


peak accumulation to outbound traffic, and percentage of through traffic 


Population group and city 





5,000-10,000: 
Paris, Ky 
Decatur, Ind 
Seymour, Ind 

10,000-25,000: 
Wabash, Ind 
Coatesville, Pa 
Lewistown, Pa 


Frankfort, Ind 
Huntington, Ind 

West Chester, Pa 
Jeannette, Pa 

Stevens Point, Wis__--.-- 


Carlisle, Pa 

Greensburg, Pa 
Chambersburg, Pa 
Martinsville, Va 
CloviseN iviexe seers 
Bradford, Pa 

Monessen, Pa 
Columbus, Ind 
Portsmouth, N.H 


Meadville, Pa 

Oil City, Pa 

Anderson, S.C 

Uniontown, Pa 

Pottstown, Pa 

Butler, Pa 

Pottsville, Pa 

Walla Walla, Wash 
25,000-50,000: 

New Kensington, Pa_._-- 

IROSWell Ne Wiexes === 

Washington, Pa 

JEG banOns, Pakeces 2. —mer 

Fond du Lac, Wis_-_-_---- 

Biddeford-Saco, Maine___ 


Owensboro, Ky 
Boise, Idaho 


Steubenville, Ohio 
Eugene, Oreg 
Independence, Mo 
Norristown, Pa 


Monroe, La 

Kokomo, Ind 

Lake Charles, La 

Newport News, Va. !____. 

Williamsport, Pa 

Anderson, Ind 

Lynchburg, Va 

New Castle, Pa 
50,000-100,000: 

Ogden, Utah 

Lancaster, Pa 

Lexington, Ky 
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Albuquerque, N. Mex.__ 

Lincoln, Nebr 
100,000-250,000: 

Portland, Maine 

@orpus Christ), woex espe 

New Bedford, Mass__-_.-- 

Gary, Ind 

Evansville, Ind 

Charlotte, N.C 

Allentown, Pa 


Knoxville, Tenn 

Reading, Pa 

Chattanooga, Tenn 

Harrisburg, Pa 

Spokane, Wash 

Wichita, Kans 

Tulsa, Okla 
250,000-500,000: 

Richmond, Va 

Honolulu, 7.1 

Omaha, Nebr 

Moledo, .Ohlor. -. 222-222 - 

Memphis, Tenn 

Miami, Fla 

Louisville, Ky 
500,000-1,000,000: 

Atlanta, Ga 

Portland; Ores ss: as=e4 

Dallas wiexk ane a= eee 

Providence, als. = 2 

Seattle, Wash 

HLouston Mex. = estas eee 
Over 1,000,000: 

Baltimore, Md 

Cleveland, Ohio 

St. Louis, Mo 
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q Table 7.—Summary of vehicles leaving CBD per 100 parking spaces, ratio of peak accumu- 
lation to outbound traffic, and percentage of through traffic 










































































The wide variations in the number and pro- 
portion of vehicles in motion, shown in table 9, 
limit the usefulness of these data, and the 

averages are presented here merely for the 
purpose of shedding some light on the approxi- 
mate volume and proportion of vehicles in 
motion within the central business district at 
an average moment between 10 a.m. and 6 p.m. 
and also at 5 p.m. The number of vehicles in 
Motion was determined by subtracting the 
parking accumulation from the cordon accum- 
ulation. Disregarding population considera- 
tions entirely, the standard deviation of the 
percentage of vehicles in motion in 87 cities, 
assuming a normal distribution, was 12 per- 
cent around a mean of 25 percent. According 
to statistical theory, one could expect to find 
for two-thirds of the time the percentage of 
yehicles in motion would be between 13 and 
387 percent of the cordon accumulation and 
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Figure 3.—Vehicles leaving the central business district during peak half hour. 
greater proportion of the trips were made for 95 percent of the time, between 1 and 49 per- 
work and a smaller proportion for shopping. cent. 
Generally, the number of vehicles in motion 
Vehicles in Motion increased as cities became larger. There were 


290 vehicles in motion in the average central 
business district of cities in the 5,000—10,000 
population group as compared with 3,210 
vehicles in motion in the average central busi- 
ness district of cities in the 500,000—1,000,000 


population group. The low figure of 1,910 
vehicles in motion in the population group of 
over 1 million is at variance to the trend and 
perhaps could indicate a reversal in trend for 
the largest cities. It may be due to the large 
percentage of worker-parkers in this popula- 
tion group. 

The number and percentage of vehicles in 
motion at 5 p.m. is also of interest, though 
of limited value because of the wide varia- 
tions in the data from which the averages 
were derived. 


Traffic Pattern at Periphery of 
Central Business District 


The cordon traffic data from many cities 
of various population groups were analyzed 
in an attempt to discover, if possible, the 
underlying basic traffic pattern at the peri- 
phery of the central business district com- 
mon to all cities of similar physical charac- 
teristics. It is possible that data, such as 
those presented in table 10 for a 10-hour 
period (8 a.m. to 6 p.m.), could be useful in 
forecasting traffic volumes resulting from 
population growth and in allocating them to 
a properly designed street system within and 
around the central business district. They 
are not adequate for making precise foreasts 
of traffic volumes and their distribution pat- 
tern, and are merely presented as an indica- 
tion of what can be expected with population 
increase. Because of the limited information 
available and the many factors that must be 
considered, such as type of street, method of 
operation (whether one-way or two-way), 
number of lanes, and other traffic controls, 
these data cannot give the complete answer, 
but do shed some light upon a most complex 
subject for which an answer is sought. 

The number of streets leading into the 
central business district is related to the size 
and geographical location of the central bus- 
iness district. In cities under 25,000 popula- 
tion, there are about 25 street entrances 
(table 10), whereas cities with over 1 million 
population have 42 street entrances at the 
periphery of the central business district. 

In cities of 10,000-50,000 population, the 
street with the greatest inbound traffic vol- 
ume carried about 19 percent of all vehicles 
entering the central business district in the 
10-hour period between 8 a.m. and 6 p.m. 
In the larger urbanized areas, a smaller dif- 
ference among the five most heavily traveled 
streets was observed in the percentage of 


Table 8.—Vehicle trips with known trip purposes, involving parking in the central business 


Population group Number of 


district 


Percentage distribution, according to purpose 





cities 1 





Shopping | Business Work Other Total 





5,000-10,000 
10,000-25,000 
25,000-50,000 
50,000-100,000 


100,000-250,000 
250,000-500,000 
500,000-1,000,000 
Over 1,000,000 


aa wr 
WNTOOHR ~TOOATDO 








32 
28 
30 
31 


26 
23 
23 


100 
100 
100 
100 





1 Includes 87 of the cities listed in table 1 and 5 additional cities for which trip purpose data were available. 
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Table 9.—Average number and percentage of vehicles in motion in the central business dis- 


trict, by population group, during 8-hour period and at 5 p.m. 


Average 
Number | cordon ac- 
of cities |cumulation 


Population group 





8-hour period, 








5; 000=10; 000 oat nee eters 3 770 
10;000=25 O00: -So=e ose SRer es. fe 26 1, 510 
25,000-50,000_-_- ..----- as a 22 2, 450 
DO QUO LOO) O00 Seem erect oe 4 5, 000 
100) 000=200; 000 Seas apenas ate ae 16 5, 470 
200; 000=500) 00022 eos seen nee ra 10, 730 
500;000=1; 000; 000M See ase eee 6 15, 430 
Over 1;000, 000 22_ 222. beeen sae 3 20, 240 





Table 10.—Summary of traffic volumes to and from 


Traffic entering CBD, 8 a.m.-6 p.m. 














10 a.m.~6 p.m. 5 p.m. 
Percentage Percentage 
Average | of average Average | of average 
number of eordon Number | number of cordon 
vehicles | accumula- | of cities vehicles | accumula- 
in motion tion in in motion tion in 
motion motion 
290 37 3 520 51 
370 24 23 480 31 
640 25 18 890 33 
730 14 4 1, 080 21 
1, 580 28 14 1, 920 35 
2, 810 26 if 3, 810 38 
3, 210 24 5 4, 370 32 
1, 910 9 3 2, 860 17 





the central business district 


Traffic leaving CBD, 10 a.m.-6 p.m. 





Num- 
ber of 
streets 


Average 


Population group ! 
number 


Number of vehicles 
entering 


Number of vehicles 
leaving 


Num- 
ber of 
streets 


Average 


Num- | number 








of street 
en- 
trances 


carry- 
ing one- 
half of 

traffic 


On all 
streets 


of street 
en- 
trances 


ber of 
cities 


carry- 

ing one- 
half of 
traffic 


Greatest 
number 
on 1 street 


On all 
streets 


Greatest 
number 
on 1 street 





10,000-25,000 
25,000-50,000 
50,000-100,000 ___- 
100,000-250,000___- 
250,000-500,000.___ 


20, 360 
26, 060 
56, 160 
47, 360 














Over 1,000,000--_- 





1 No inbound traffic data available for 250,000-500,000 population group. 


tion group. 


inbound traffic carried by each street at the 
central business district cordon. 

The largest inbound traffic volume carried 
on a Single street between 8 a.m. and 6 p.m. 
was 12,230 vehicles which occurred in the 
population group of over 1 million (table 10). 
This was 2.9 times as great as the largest 
inbound traffic volume of 4,210 vehicles en- 
tering on a single street in the 10,000—25,000 
population group. The population ratio for 
the two groups was about 74 to 1. In the 
single city in the population group over 1 
million for which data were available, 
102,640 vehicles entered between 8 a.m. and 
6 p.m. compared with an average of 20,360 
vehicles in cities of 10,000—25,000 population, 
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13, 410 
20, 180 
41, 980 
43, 330 
74, 180 
86, 840 


2, 180 
3, 670 
5, 070 
4, 870 
7, 820 
8, 040 


4, 210 
4, 630 
6, 080 

















No data available for 500,000-1,000,000 popula- 


a traffic volume ratio of 4.9 to 1 on only 1.7 
times as many street entrances. 

Fifteen percent of the streets crossing the 
central business district cordon carried 50 
percent of the inbound vehicles and one-half 
of the streets carried 90 percent of the in- 
bound vehicles. Of the remaining streets, 
none carried more than 2 percent of the in- 
bound traffic and many carried less than 1 
percent. Similarly, 19 percent of the streets 
at the central business district cordon carried 
50 percent of the outbound vehicles, and one- 
half of the streets at this cordon carried 85 
percent of the outbound vehicles. 

These findings, supplemented by a more de- 
tailed examination of actual local street con- 




































ditions, might be especially useful in cities! )\) 
under 50,000 population. Consideration could 
be given to the feasibility of closing some of 
the streets to through traffic at the periphery 
of the central business district and converting 
them to street parking areas with angle park. 
ing. Curb parking might then be entirely 
eliminated from the few streets with the high 
est traffic concentration, particularly during 
the morning and evening rush hours. The 
increased traffic carrying capacity of thes¢ 
streets would accommodate vehicles displaceé 
from the closed streets. 

Since most of the streets at the periphery 
of the central business district in cities ove 
100,000 population carry significant volumes 
of traffic, the closing of any of these streets 
would be less feasible since a large number of 
motorists might be inconvenienced. 


Application of Data to Emergency 
Evacuation 


Parking and traffic data provide a broad 
perspective of the scope of the traffic problem 
involved in evacuating persons and vehicles 
from the central business districts in an 
emergency. The data can aid in determining 
the feasibility of an evacuation plan and in 
devising various ways and means for its 
implementation. | 

As shown in table 6, the ratio of the peak ; 
accumulation of passenger cars, trucks, and ; 
buses to the peak half-hour outbound traffic }. 
volume yaried from 0.8 to 2.8, increasing gen- 
erally with population. Considering only pres- 
ent usage of the street capacity and present. 
traffic-operating conditions, it would require 
from slightly less than % hour to about 1% 
hours to evacuate all vehicles from the central 
business district at the time of the peak 
vehicle accumulation at a rate equal to the 
outbound traffic flow occurring daily during 
the peak half-hour. This evacuation time 
could obviously be reduced by making most, 
if not all, streets radiating from the central 
business district one-way outbound, eliminat- 
ing crossing movement of traffic and inter-, 
ference from pedestrians, and substituting 
police control for fixed traffic signals. 
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